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TITLE OF THE INVENTION 

A METHOD FOR TREATING MENffiRE'S DISEASE 

BACKGROUND OF THE INVENTION 

A method of treating Meniere's disease through the 
modulation of the IKs channel is presented. 

Meniere's disease can be an incapacitating problem for 
patients with symptonLS ranging from attacks of vertigo which appear 
suddenly and last from a few to 24 hours, nausea, vomiting, recurrent 
feeling of fullness or pressure in the affected ear, and fluctuating 
hearing which progressively worsens over the years. Tinnitus may be 
constant or intermittent and may be worse before, after or during the 
attack of vertigo. The etiopatho- 

genesis of Meniere's disease has been studied since the early 1900's and 
has avoided definition. Generally the disease is said to result from 
distention of the endolymphatic compartment of the inner ear. The 
primary lesion appears to be in the endolymphatic sac, which is thought 
to be responsible for endolymph filtration and excretion. A precise 
cause of hydrops has not been established. Although usually only one 
ear is affected, both ears are involved in 10 to 15% of patients. 
(MERCK MANUAL, Vol. 16, 1992). 

Meniere's disease has been subdivided into five stages. 
Stage one is primarily diagnosed by symptoms associated with unilateral 
cochlear pathology focused on signs, symptoms and pathology which are 
singularly cochlear. Patients in this stage often respond to treatment 
with diuretics and dexamethasone. Once in stage two, the hydrops 
extends to the vestibular labyrinth and the patient begins to experience 
vertigo. At this stage, surgery is recommended to insert a nylon tube in 
the lumen of the sac to relieve the endolymphatic pressure. 
Streptomycin perfusion of the membranous labyrinth is also 
recommended at this stage. In the third stage, hearing and balance are 
severely compromised, and comprehension fail. Surgical treatment such 
as aminoglycoside destruction of the vestibular receptor or vestibular 
neurectomy are usually indicated. In 
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the fourth stage, the dizziness subsides, and the endolymphatic hydrops 
fills the vestibule so that the endolymph pressure cannot rise. Dizziness 
stops at this stage, but no known medical treatment is available. At the 
fifdi stage, widespread obstraction arid ruptures in the membranous 
labyrinth occurs and all hearing is lost. Again no treatment is 
recognized once the patient has reached this stage. (REF. The America 
Journal of Otology, Volume 14, No. 3, May 1993, pp. 224 - 229). 

Since Meniere's disease primarily involves distention of the 
endolymphatic space, modulation of endolymph production will mitigate 
the progression of the disease and provide relief from the symptoms 
previously discussed. 

The concept that the stria vascularis generates an 
endocochlear potential and secretes K*^ is well accepted; however there 
is new information implicating an important role for I^s K* channel in 
endolymph production and composition. Cellular localization of ,the 
protein which under lies the current I^s, in the stria vascularis of the rat 
has been accomplished using immunohistochemistry (Sakagami et al. 
Hearing Research 56: 168-172, 1991). In these studies, the I^^ protein 
was present only on the endolymphatic surface of the marginal cell, 
consistent with involvement of I^s in penmeation in the luminal 
membrane of the marginal cell. Furthermore, the K"*^ conductance 
measured in vestibular dark cells and apical membranes of marginal 
cells was found to be comprised of a high density of I^s channels(Sunose 
et al. Hearing Research 80:86-92, 1994; Marcus and Shen, Am. J. 
Physiol. 267: C857-C864, 1994; Wangemann et al. Hearing Research 
84:19-29, 1995). Further, it has been determined that in its absence of 
the nCs channel, deftness results due 

to a lack of endolymph production. S. Heinemann and D. Vetter (Salk 
Institute), has determined that genetic knockout of IKs in mice results 
in vestibular dysfunction and deafness, secondary to the absence of 
endolymph. Recently, iKs message has been found in the ear. It is 
now believed that modulation of the iKs channel in the ear will affect 
endolymph production and mitigate the effects of this disease. 
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QBJECTg OF THE llNVEmON 

It is, accordingly, an object of the present invention to 
provide methods of treating patients suffering from Meniere's disease 
with compounds not previously known to have activity for this 
condition. Another object is to provide new methods for treating 
Meniere's disease. A further object is to provide pharmaceutical 
formulations and methods for their preparation for use in treating 
Meniere's disease. These and 

other objects of the present invention will be apparent from the 
following description. 

SUMMARY OF THE INVENTION 

A method of treating Meniere's disease in manunals, 
including humans which comprises blocking the slowly activating 
delayed rectifier potassium (K+)current (iKs) in the ear is presented. 

It has been found that compounds, which at a concentration 
of I pM or less CIC50), block 50% of the IKs current measured in 
isolated myocytes and exhibit a selectivity ratio equal to or greater than 
10 times the block of the lKr> IKI currents, should result in treatment 
which is safe and effective. 

Among the compounds which exemplify this method of 
treatment are the 1,4-benzodiazepines or benzodiazepine derivatives that 
block the iKs current and are therefore effective in the treatment of 
Meniere's disease. 

DETAILED DESCRIPTION 

A method of treating Meniere's disease in mammals, 
including humans, which comprises blocking the slowly activating 
delayed rectifier potassium (K+)current (iKs) is presented. This 
method requires the addition of a compound which selectively blocks the 
IKs current and produces only minimal block of the IKr current. 

Among the compounds which exemplify this method of 
treatment are the 1 ,4-benzodiazepines or benzodiazepine derivatives that 
block the iKs current and are therefore effective in the treatment of 
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Meniere's disease. Examples of compounds which are useful in this 
treatment of Meniere's disease can be found in United States Patent 
Application Nos. 08/156,331; 08/516.467; and 08/516.226; which are 
hereby incorporated by reference. 



Examples of compounds which are representative of 



selective IKs antagonists include, but are not limited to the following: 
Compounds represented by structural formula I 



or a pharmaceutically acceptable salt thereof, wherein 

A is 1) thieno, 

2) pyrido, or 

3) benzo either unsubstituted or substituted with -NH2 
-NHS02 (Ci-3 alkyl), C1.3 alkyl or C1.3 alkoxy; 

Xis 1) =0. 

2) =S, 

3) =N-NH2. 

4) =N-OH or 

5) =H2; 

Yis 1) =0, 

2) =N-CN or 

3) =H2; 




3 



(R')p 



I) 



C1.6 alkylene, either straight or branch chain and either 
unsubstituted or substituted with phenyl or spiro-piperidine, 
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2) C2-4 alkenylene, either straight or branch chain, 

3) -(CH2)m-W-(CH2)n- wherein m and n are independently 0, 
1, 2, 3 or 4 and W is -S- or -NH, 

4) 4-(5-methylisoxazole-3-yl), 

5) C3.6 cycloalkylene, or 

6) single bond; 

p is 0 or 1; 

RHs 1 ) phenyl, either unsubstituted or substituted with one or two 



substituents selected from 

a) -NO2, 

b) -CI, Br, F, or I, 

c) -CF3, 

d) -Ci.3alkyl, 

e) -Ci-3alkoxy, 

f) "CN, 

g) -methylenedioxy, 
2) C5.7'cycloaIkyU 

3) 



4) mono- or bicyclic heterocyclyl of 5 to 10 members one or 
two of which are sulfur, nitrogen or oxygen, the remaining 
being carbon, such as 2-thienyl, 2-furanyl, 2-indolyl, 2- 
quinoxolinyl, or 2-(2,3-dihydro benzofuranyl) 

5) Ci-3alkyl,or 

6) indan-5-yl; 

R2 is 1 ) phenyl, either unsubstituted or substituted with Ci .3 alkoxy 




or 4,4-dimethyioxazolin-2-yl, 
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2) 



3) 

4) 
5) 
6) 



R3is 1) 
2) 

3) 

R^is I) 
2) 



Ci.6 alkyl, either straight or branched chain, and either 
unsubstituted or substituted with Ci-3 alkoxy or C 1-3 
alkoxy-Cl-3 alkoxy, 
C5.7 cycloalkyl, 
2- or 3-fiiryl, 
l-methylpiperidin-2-yU or 

if r2 is phenyl, the 2-position of the phenyl can be joined to 
the 4-position nitrogen of the diazepine ring through a 
carbonyl group and the double bond between the 4-nitrogen 
and the 5-carbon becomes a single bond; 

hydrogen or 

C1.3 alkyl either unsubstituted or substituted with 



hydrogen, 

Ci-6 alkyl, the chain of carbon atoms of which can be 
interrupted by one or two non-adjacent oxygen atoms and 
which is either unsubstituted or substituted with C1.3 
alkoxycarbonyl, -OH or 




tetrd2oI-5-yl; 



R5 is hydrogen or oxygen or is joined to r2 to form the partial 
structure: 




O ; and 
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the bond represented by is: 

1 ) a double bond when p is zero or when p is I and is 
oxygen, or 

2) a single bond when is hydrogen or R^ is joined to R^ to 
fonn the partial structure: 




This invention is meant to include the individual 
diastereomers where such exist and mixtures thereof and enantiomers 
and mixtures of the enantiomers. 

The phannaceutically acceptable salts of the compounds of 
Formulas I include the conventional non-toxic sahs or the quartemary 
ammonium salts of the compounds of Formula I formed, e.g., from 
non-toxic inorganic or organic acids. For example, such conventional 
non-toxic salts include those derived from inorganic acids such as 
hydrochloric, hydrobromic, sulfuric, sulfamic, phosphoric, nitric and 
the like; and the salts prepared from organic acids such as acetic, 
propionic, succinic, glycolic, stearic, lactic, malic, tartaric, citric, 
ascorbic, pamoic, maleic, hydroxymaleic, phenylacetic, glutamic, 
benzoic, salicylic, sulifanilic, 2-acetoxybenzoic, fumaric, toluenesulfonic, 
methanesulfonic, ethane disulfonic, oxalic, isethionic, and the like. 

The phannaceutically acceptable salts of the present 
invention can be synthesized from the compounds of Formula I which 
contain a basic or acidic moiety by conventional chemical methods. 
Generally, the salts are prepared by reacting the free base or acid with 
stoichiometric amounts or with an excess of the desired salt-forming 
inorganic or organic acid or base in a suitable solvent or various 
combinations of solvents. 

One embodiment of this invention are novel compounds 
useful in the novel method of treatment of this invention wherein: 
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A is benzo; 

X and Y are oxygen; 

R3 is methyl; 

r4 is hydrogen; and 

R2isCl-6alkyl. 

Specific novel compounds representative of tiiis 
embodiment are those of the following structure and specified in 
Table I: 

TABLE I 




2,4-diClPh -CH3 

2,4-diClPh -C2H5 

2,4-diCIPh -t-Bu 

4-CF3Ph i-C3H7 

cyclohexyl i-CsH? 

2,4-diClPh i-C3H7 
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Another embodiment of the compounds useiiil in the novel 
method of treatment of this invention is that wherein: 

A is 

X and Y are oxygen; 
r3 is methyl; 
R4 is hydrogen; and 
R2 is phenyl. 

A class of novel compounds within this embodiment is that 
with structural formula: 




wherein 

Z is C}.6 alkylene or a bond and 

R1 is phenyl, phenyl substituted with -CI, -Br, -1, -F, or -CF3, or R^ 
is cyclohexyl. 

Specific novel compounds representative of this class are 
those depicted in the following Table II: 
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TABLE II 
Z Rl 



-(CH2)2- 


2,4-diCIPh 


-(CH2)2- 


4-ClPh 


-(CH2)2- 


2,4-diFPh 


-(CH2)2- 


2-ClPh 


-(CH2)2- 


4-CF3Ph 


-CH2- 


4-CF3Ph 


-(CH2)2- 


3-CF3Ph 


-(CH2)2- 


2-CF3Ph 


-(CH2)2- 


cyclohexyl 




cyclohexyl 


-(CH2)3- 


cyclohexyl 


-CH2- 


cyclohexyl 


-(CH2)2- 


Ph 


-CH2- 


Ph 


-(CH2)2- 


4-CNPh 


-(CH2)2- 


3-ClPh 


-(CH2)3- 


Ph 


-(CH2)2- 


3-CNPh 


-(CH2)3 


2-thienyl 



Another class of novel compounds within this embodiment 
is that with structural fonmula: 
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wherein Z is C2-4 alkenyiene and is phenyl or phenyl substituted 
with -CI, -Br, -F, -I, -CF3, Ci-3 alkyl, C1-3 alkoxy or metfaylenedioxy. 

Specific novel compounds representative of this class are 
those depicted in the following Table ID: 

IA£L£JU 

_Z _R' 
-CH=CH- ' 4-N02Ph 

-CH=CH- 2.4-diCIPh 

-CH=CH- 3-CIPh 

-CH=CH- 2-CIPIi 

-CH=CH- 2,4-diFPh 

-CH=CH- 2,6-diCIPh 

-CH=CH- 4-CF3Ph 
-CH=CH- 2-BrPh 
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TABLE III (Cont'd) 

-CH=CH- 4-IPh 

-CH=CH- 4-BrPh 



-CpCH- 
CH3 



Ph 



-CH=CH- pj^* 

-CH=CH. 3AdiCIPh 

-CH=CH- 4-CH3Ph 

-CH=CH- 4-CH30Ph 

.QH^QH. 3,4-methylenedioxyPh 

-CH=CH- 3-BrPh 

*This compound is disclosed in U.S. Patent 4,820,834 

A third embodiment of the compounds useful in the novel 
method of treatment of this invention is that wherein: 
Z is -NH-. 

Compounds representative of this embodiment are those 
disclosed in the following Table IV. 
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TABLE IV 




benzo a-CHgPh Ph 

OH 

benzo 2.4-diCIPh Ph -CH, 




benzo S-CHaPh I J n-C3H7 q 

I 

benzo -CHg Cyclohexyl Ph -CHg =n.cn 

benzo 3-CH,Ph Ph -CH, O 




O 



benzo 5-indanyl ph V'''^^f^ 

OH 

\ If a-CNgPh Ph -CH3 o 



Other specific compounds included within the broadest 
genus but not included in one of the embodiments previously described 
are as shown in Table V. 
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TABLE V 

Y 

I 

Representative of compounds wherein p is 1 is the 
compound of structural formula: 



CH3 




Representative of compounds wherein the bond between the 
4 and 5 positions is a single bond is the compound of structural formula: 
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Representative of compounds wherein the bond 

represents a single bond and r5 is joined to r2 is the compound of 
structural formula: 



9H3 




Another embodiment of this invention is a group of 
compounds, active in the novel method of treatment of this invention, 
which are novel compounds ^se. These novel compounds are 
depicted in the following Table VL 



CH3 




Another embodiment of this invention is a group of 
compounds which are active in the novel method of treatment of this 
invention. These compounds are depicted as follows: 
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R 



where 



X and Y are independently hydrogen, chloro, fluoro, bromo, iodo, 
or trifluoromethyl and 

n is 0, 1 or 2; 

R is hydrogen, fluoro, chioro, bromo, iodo, or trifluoromethyl, 
methyl, or methoxy; and 

the racemates, mixtures of enantiomers, individual diastereomers or 
individual enantiomers with all isomeric forms and phannaceutically 
acceptable salts, hydrates or crystal fonns thereof, which are effective 
in the treatment of Meniere's disease. 

Yet another embodiment of this invention is a group of 
compounds which are active in the novel method of treatment of this 
invention. These compounds are depicted as follows: 
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R 1 and R? are independently 

1 ) phenyl, either unsubstituted or substituted with one or two 
substituents selected from 

a) -N02. OH, 

b) -CI, Br, F, or I, 
0 -CF3. 

d) -Ci-3alkyl, 

e) -Ci-3alkoxy, 

f) -CN, 

g) -methyienedioxy, and 

Z is 1 ) Ci.6 alkyl, either straight or branched chain , 

2) substituted C] -6 aikyi, either straight or branched 
chain, wherein the substituents are selected from F, 
OH, N02, 

3) C2-4 alkenylene, either straight or branched chain, 

4) -(CH2)m-W-(CH2)n- wherein m and n are 
independently 0, 1. 2, 3 or 4 and W is -0-, -S- 
or -NH, 

5) C3-6 cycloalkane, 

6) C3-6 cycloalkylene, or 

7) single bond; 

The iKs blockers or selective iKs antagonists of the present 
invention have the pharmacological properties required for 
antiarrhythmic agents of Class III, namely they demonstrate 
prolongation of QTc-interval , and dose dependent increases in 
ventricular refractoriness. This is accomplished without effecting heart 
rate, mean arterial pressure and PR and QRS intervals. Modest 
increases in LV+dP/dt (left ventricular change in pressure with time) is 
observed. Further, these compounds suppress 
the induction of PVS (Programmed Ventricular Stimulation) induced 
ventricular tachyarrhythmias. 
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The compounds of the present invention are especially 
useful for controlling and treating Meniere's disease via modulation of 
endolymph production. 

in the novel method of this invention of treating Meniere's 
disease a selective iKs antagonist is administered in an amount ranging 
from about .0001 to about 10 mg per kg of body weight per day, 
preferably from about .0001 to about 2 mg per kg of body weight per 
day, and more preferably, when intravenous delivery of the compounds 
is employed, from about 0.0003 to about 0.3 mg per kg of body weight 
per day, or when given orally from about 0.01 to about 1 mg per kg of 
body weight per day, in a single dose or in 2 to 4 divided doses of each 
compound. 

The activity of the compounds described herein as agents 
which treat Meniere's disease is measured by their ability to block the 
IKs and iKr currents as determined by the following test protocol. 

Outward potassium currents are measured in single guinea 
pig ventricular myocytes using a whole-cell voltage clamp technique 
described in detail elsewhere (Sanguinetti and Jurkiewicz, 1990, Two 
components of cardiac delayed rectifier K+ current: differential 
sensitivity to block by Class III antiarrhythmic agents. J. Gen Physiol. 
96: 195-215). Myocytes are isolated by enzymatic (collagenase and 
protease) digestion of Langandorf perfused hearts. Single cells are then 
voltage clamped using I mm square-bore pipettes filled with 0.5 M 
Kgluconate, 25 mM KCl, 5 mM K(2)ATP. Cells are bathed in a 
solution containing, in mN: 132 NaCL 4KC1, 1.2 MgCl2, 10 HEPES, 10 
glucose: pH 7.2, temp. 35X. 

Each cell is maintained at a holding potential of -50 mV. 
Test depolarizations are applied as voltage ramps from -85 to -50 mV, 
and as steps to -10 mV (0.5 s) and +50 mV (1.0 s). iKI is measured as 
peak outward current during the voltage ramp. iKr i.^ measured as tail 
currents upon repolarization from -10 mV to -50 mV. Iks is measured 
as time-dependent current during the pulse to +50 mV. Currents are 
measured during control, then after exposure to drug at two different 
concentrations. 
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Employing this test the compounds described herein as 
selective iRs blockers have an IC50 of less than 100 nM as IKs blockers. 
The compounds of this invention are at least 10 times more potent in the 
blockade of iRs than of blockade of iKr- 

The utility of the compounds of this invention to 
combat Meniere's disease via modulation of endolymph production is 
shown by the lack of endolymph production when there is an absence of 
functional I^s channels (i.e. I^k kjnockout mouse) and the effect of 
chronic administration of exemplified compounds on membranous 
structures in the ear of rats. Further evidence for this utility is obtained 
from experimentally induced of endolymphatic hydrops in animals. 

Typical synthetic schemes employed in making the 
compounds herein are illustrated below. 



SCHEME 1 
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SCHEME 2 



2. 
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SCHEME3 




2. TiCl3 

3. Chromatography 




CH3SO2CI 
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SCHEME4 




OC 
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SCHEME6 
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SCH E ME 7 
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SCHEME 10 




CI 
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SCHEME 13 




wo 97/49690 



PCT/US97/10561 




PCT/US97/10561 




PCT/US97/10561 



-33- 




R-(CH2)„C0CI or 
R-(CH2)„C02H. EDC, HOBT 
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EXAMPLES 
EXAMPLE 1 




(E)-(+)-N-f(3R)-23-Dihydro-l -methyI-2-oxo-5-phenyl-l H- 1 ,4-benzo- 

diazepin-3-vl]-3-phenvl-2-propenamide 

A solution of (E)-3-phenyl-2-propenoyl chloride (367 mg, 

2.2 mmol) in methylene chloride (1 mL) was added to a solution of 
3(R)-amino- 1 ,3-dihydro- 1 -methy I-5-phenyl-2H- 1 ,4-benzodiazepin-2- 
one rj. Or^. Chem . 1987. 52, 3232-3239) (531 mg, 2.0 mmol) and 
triethylamine (307 mL, 225 mg, 2.2 mmol) in methylene chloride (10 
mL). The 

mixture was stirred at room temperature for 25 min. and the solvent 
was evaporated under reduced pressure. The residue was purified by 
flash column chromatography on silica gel, eluting with CH2Cl2/Et20 
(95:5) and the residue was triturated with Et20. The .solid was collected 
and dried in miffi at 70*'C to give (E)-(+)-N-l(3R)-2,3-dihydro-l- 
methyl-2-oxo-5-phenyl-lH-l,4-benzodiazepin-3-yl]-3-phenyl-2- 
propenamide as a colorless solid (170 mg, 21%), m.p. 140-142*'C, (a]D 
+86.7° (c=0.173. CH2CI2). 

dH (CDC!3) 7.70-7.26 (16H. m), 6.63 (IH, d. J 15.6 Hz), 5.68 (IH, d, J 

8.3 Hz), and 3.50 (3H, s). 

Anal. Calcd. for C25H21N3O2.O.15 (C2H5)20: 

C, 75.63; H, 5.58; N. 10.33. 
Found: C, 75.29; H, 5..57; N, 10.33%. 
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Employing the procedure substantially as described above, 
but substituting an appropriate acid chloride for the (E)-3-phenyl-2- 
propenoyl chloride, the following compounds were prepared: 



(+)-N-[(3R)-2,3-Dihydro- 1 .methyl-2-oxo-5-phenyl- 1 H- 1 ,4-benzo- 

diazepin-3-vl Ibenzamide . 

m.p. 224-225°C, [ajD +89.2° (c = 0.141, CH2CI2). 

dH (CDCI3) 8.04 (IH, d, J 8.1 Hz), 7.96 (2H, d, J 6.8 Hz), 7.64-7.36 

(lOH. m), 7.27 (2H. t. J 7.6 Hz), 5.74 (IH, d. J 7.8 Hz), and 3.51 f3H, 

s). 

Anal. Calcd. for C23H19N3O2.O.2OH2O: 
C, 74.06; H,5.24; N, 11.26. 
Found: C, 74.13; H, 5.12; N, 11.16%. 



EXAMPLE 2 




EXAMPLE 3 
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First diastereoisomer to elute: 

(-)-N.[(3R)-2,3-Dihydro- 1 -inethyI-2-oxo-5-phenyl- 1 H- 1 ,4- 

benzo-diazeDin-3-vi1(trans-2-phenvl-l-cvclQpropan ekart>oxainide 
m.p. 180-1 81 °C, la]D -155.8° ( c = 0.434. CH2CI2). 
dH (CDCI3) 7.62-7.09 (15H, m), 5.59 (IH. d, J 8.1 Hz), 3.47 (3H. s), 
2.52-2.45 (IH, m). 1.90-1.84 (IH, m). 1.69- 1.56 (IH. m), and 1.38-1.32 
(IH, m). 

Anal. Calcd. for C26H23N3O2.O.25H2O: 
C. 75.43: H. 5.72; N, 10.15. 
Found: C, 75.38; H, 5.64; N, 9.94%. 

Second diastereoisomer to elute: 

(+)-N-f (3R)-2,3-Dihydro- 1 -methyl-2-oxo-5-phenyl-l H- 1 .4- 

benzo-diazepin-3-vl K trans-2-phen vl- 1 -cvclopropane)carboxamide 

m.p. 104-107°C, falD +328.2° (c = 0.098, CH2CI2). 

dH (CDCI3) 7.62-7.13 (I5H, m), 5.60 (IH, d, J 8.3 Hz). 3.48 (3H, s), 

2.59-2.54 (IH, m). 1.93-1.87 (IH, m),1.62-1.56 (IH, m, overlaps with 

water), and 1.33-1.25 (lH,m). 

Anal. Calcd. for C26H23N3O2.0.50H2O.0.45PhCH3: 

C, 76.13; H. 5.95; N. 9.14. 
Found: C. 76.10: H, 5.94; N, 9.17%. 



(+)-N-|(3R)-2,3-Dihydro- 1 -methyl-2.oxo-5-pheny I- 1 H- 1 ,4- 



EXAMPLF. 4 
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ben2odiazepin-3-vn- 1 H-indole-2-carboxamide 

m.p. I67-I77X, fa]D+n3° (c = 1.103. CH2CI2). 

dH (CDCI3) 9.15 (IH. br s), 8.10 (IH. d, J 9.0 Hz), 7.75-7.10 (14H, m). 

5.75 ( 1 H, d, J 9.0 Hz), and 3.50 (3H, s). 
Anal. Calcd. for C25H20N4O2: 

C, 73.51; H, 4.94: N, 13.72. 
Found: C, 73.3 1 : H, 4.80; N. 1 3.62%. 



(+)-N-[(3R)-2,3-Dihydro- 1 -methy l-2-oxo-5-pheny I - 1 H- 1 ,4-benzo- 

diazepin-3-yllheptanamide 

m.p. 49-54°C, [ajD +69.5° (c=1.000, MeOH). 
Anal. Calcd. for C23H27N3O2.O.4OH2O: 
C, 71.81; H, 7.28; N. 10.92. 
Found: C, 7 1 .90; H, 7.09; N, 10.85%. 



EXAMPLE 5 




EXAMPLE 6 
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(+)-N-l(3R)-2.3-Dihydro- 1 -inethyI-2-oxo-5-phenyl- 1 H- 1 .4-benzo- 

diazepin-3-vnhexanamide 

[alD+72.6° (c=0.920, MeOH). 
Anal. Calcd. for C22H25N3O2: 

C. 72.70; H, 6.93; N, 11.56. 
Found: C. 72.44; H, 6.75: N. II. 25%. 



(+)-N-f (3R)-2,3-Dihydro-l -methyl-2-oxo-5-phenyi- 1 H- 1 .4-benzo- 

diazepin-3-vnpentanamide 

|a]D +68.2" (c=1.310. MeOH). 

Anal. Calcd. for C21H23N3O2.O.25CHCI3: 

C, 68.21; H. 6.26; N, 11.26. 
Found: C, 68.2; H, 6.29; N, 1 1.17%. 



EXAMPLE 7 
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(+)-N-f(3R)-2,3-Dihydro- 1 -methy l-2-oxo-5-phenyl- 1 H- 1 ,4-benzo- 

diazepin-3>vll-3>phenylpropananiide 

Oxalyl chloride (158 mL, 230 mg, 1.81 mmol) was added 
to a mixture of 3-phenylpropanoic acid (249 mg, 1.66 mmol) and DMF 
(1 drop) in THF (10 mL) and the mixture was stirred at room tempera- 
ture for 40 min. 3(R)-Amino-l,3-dihydro-l-methyl-5-phenyl-2H-I,4- 
benzodiazepin-2-one (J. Ore. Chem . 1987, 52, 3232-3239) (400 mg, 
1.51 mmol) and triethylamine (252 mL, 183 mg, 1.81 mmol) were 
added and the mixture was stirred at room temperature for 18 h. The 
mixture was poured into saturated aqueous sodium hydrogen carbonate 
(20 mL) and extracted with ethyl acetate (3 x 20 mL). The combined 
organic fractions were dried (Na2S04) and the solvent was evaporated 
under reduced pressure. The residue was purified by flash column 
chromatography on silica gel, eluting with CH2Cl2/Et20 (95:5) and the 
residue was recrystailized from toluene^exane to give (■f)-N-f(3R)-2,3- 
dihydro- 1 -methy l-2-oxo-5-pheny 1- 1 H- 1 ,4-benzodiazepin-3-y l]-3- 
phenylpropanamide as a colorless solid (380 mg, 63%), m.p. 179°C, 
[alD +100.4^ (c = 0.225, CH2CI2). 

dH (CDCI3) 7.62-7.57 (2H, m), 7.47-7.21 (13H, m), 5.54 (IH, d, y 8.1 
Hz), 3.47 (3H, s), 3.03 (2H, 1,7 7.8 Hz), and 2.73-2.67 (2H, m). 
Anal. Calcd. for C25H23N3O2.O.I5H2O: 
C. 75.04; H,5.87; N, 10.50. 
Found: C, 75.06; H, 5.78; N, 10.55%. 
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Employing the procedure substantially as described above, 



but substituting an appropriate carboxylic acid for the 3-phenyl- 
propanoic acid, the following compounds were prepared: 



E-(+)-N-[(3R)-2,3-Dihydro-l-methyl-2-oxo-5-phenyl-lH-l,4-benzo- 

diazepin-3- vn-3-f3,4-dichlorophenvn-2-propenamide 

m.p. US-MT^C, |a]D +77.8*' (c=0.I26, CH2CI2). 

dH (CDCi3) 7.64-7.25 (14H, m), 6.61 (IH, d, J 15.6 Hz). 5.65 (IH, d, J 

8.0 Hz), and 3.50 (3H. s). 

Anal. Calcd. for C25H 1 9N3O2CI2: 

C. 64.67: H, 4.12; N, 9.05. 
Found: C. 64.57; H, 4.25; N. 9.01 %. 




CH. 



EXAMPLE 10 
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E.(+).N-[(3R)-2.3-Dihydro-l-inethyl-2-oxo-5-phenyl-lH-I,4-benzo- 

diazepin-S-vnS-a-nitroph envlVl-propenamide 

in.p. 165-166 «C, [a]D +80.5" (c=0.126, CH2CI2). 

dH (CDCI3) 8.26 (IH, d, J 8.8 Hz), 7.74-7.28 (13H, m), 6.76 (IH, d, J 

15.6 Hz), 5.66 (IH, d, J 8.0 Hz), and 3.51 (3H, .s). 

Anal. Calcd. for C25H19N4O4: 

C, 68.17; H,4.58; N, 12.72. 
Found: C. 68.25: H, 4.65: N. 12.57%. 



E-(+)-N-f(3R)-2,3-Dihydro- 1 -methyl-2-oxo-5-phenyM H- 1 ,4-benzo- 

diazepin-3-yn-3-(2.4-dichlorophenyl)-2-propenamide 

m.p. 137-139°C. lajD+66.0» (c=0.I44, CH2a2). 

dH (CDCI3) 8.02 (IH, d. J 15.6 Hz), 7.73-7.26 (13H, m), 6.66 (IH, d, J 

15.6 Hz), 5.81 (IH, d, J 8.8 Hz), and 3.53 (3H. s). 

Anal. Calcd. for C25H 1 9CI2N 3O2: 

C, 64.67; H, 4.12; N, 9.05. 
Found: C, 64.28; H, 4.24; N, 8.83%. 



EXAMPLE 11 
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EX AMPLE 12 




E-(+)-N-t(3R)-2,3-Dihydro- 1 -methyl-2-oxo-5-pheny I- 1 H- 1 .4- 

benzQdia2epin-3-vll.3.f 4-methvlphenvn-2-propenamide 

ra.p. 133-135X, (a]D +90.4° (c=0.125, CH2CI2). 

dH (CDCI3) 7.68-7.19 (15H, ra), 6.59 (IH, d. J 15.6 Hz), 5.70 (IH, d, J 

8.0 Hz), 3.50 (3H, s), and 2.38 (3H, s). 

Anal. Calcd. for C26H23N3O2: 

C, 76.26; H, 5.66; N, 10.26. 
Found: C, 75.93; H. 5.82; N. 10.10%. 



E-(+)-N-[(3R)-2.3-Dihydro- 1 -methyI-2-oxo-5-phenyl - 1 H- 1 ,4-benzo- 

diazeDin-3-vl l-3-(4-meth nx vnhenvn-2-DroDenamide 

m.p. 129-13.3°C. |a]D +89.9'' (c 0.188, CH2CI2). 



EXAMPKF. n 
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dH (CDCI3) 7.65-7.24 (14H. m). 6.92 (IH, d, J 8.8 Hz), 6.50 (JH. d, J 
15.6 Hz), 5.69 (1 H, d, J 8.0 Hz), 3.84 (3H. s). and 3.50 (3H, s). 
Anal. Calcd. for C26H23N3O3.O.3OH2O: 

C, 72.48; H, 5.52; N. 9.75. 
Found: C, 72.75; H, 5.60; N, 9.36%. 



(+)-N-| (3R)-23-Dihydro- 1 -methyl-2-oxo-5-phenyl- 1 H- 1 .4-benzo- 

diazepin-3-vll-3-(2.4-dichlorophenyl)propanamide 

m.p. 92-95T. falD 90.5° (c = 0.196, CH2CI2). 

dH (CDCI3) 7.62-7.15 (13H, m), 5.52 (IH, d, J 8.1 Hz), 3.47 (3H. s). 

3.10 (2H, t, J 7.6 Hz), and 2.68 (2H, dd, J 7.6, 2.8 Hz). 

Anal. Calcd, for C25H21CI2N3O2.O.2OH2O: 

C 63.89; H. 4.59: N. 8.94. 
Found: C, 63.86: H, 4.62: N, 8.87%. 



EXAMPLE 14 
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EX AMPLE 15 




CI 



E-(+)-N-f(3R)-2,3-Dihydro-l-methyl-2-oxo-5-phenyl-l H- 1 .4-ben2o- 

diazepin.3-vn-3-f3-chloroDhenvlV2-propenamide 

m.p. 229-23 1°C, fa]D +86.2° (c = 0.225, CH2C12). 

dH (CDCI3) 7.64-7.26 (I5H, m), 6.62 (IH, d, J 15.6 Hz), 5.66 (IH, d. J 

8.1 Hz),and3.50(3H, .s). 

Anal. Calcd. for C25H20CIN3O2: 

C, 69.85; H, 4.69; N, 9.77. 
Found: C, 70.20; H, 4.83; N. 9.4 1 %. 



E-(+)-N-l(3R)-2,3-Dihydro-l-methyl-2-oxo-5-phenyl-lH-l,4-benzo- 

diazeDin-3- vl l-3-f2-chlorophenvn-2-propenamide 

m.p. 128-13rC [a]D = +61.7° fc = 0.196, CH2CI2). 



EXAMPLE 16 




CH 
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dH (CDCI3) 8.06 (IH, d, J 15.6 Hz), 7.65-7.28 (14H, m), 6.62. (IH. d, J 
15.6 Hz). 5.68 (IH. d, J 8.3 Hz), and 3..50 (3H, s). 
Anal. Calcd. for C25H20CIN3O2.O.2OH2O: 

C, 69.27; H, 4.74; N, 9.69. 
Found; C, 69.21 ; H, 4.68; N, 9.45%. 



E-(+)-N-[(3R)-2.3-Dihydro-l-methyl-2-oxo-5-phenyl-lH-l,4-benzo- 

diazepin-3-vll-3-r2.4-difluorophenvl)-2-propenamide 

m.p. 12I-123°C, [a]D +76.8* (c = 0.1 1 1, CH2CI2). 
dH (CDCI3) 7.71 (IH. d. J 15.9 Hz), 7.64-7.24 (1 IH, m), 6.92-6.84 (2H, 
m), 6.69 (IH, d. J 15.9 Hz), 5.67 (IH, d, J 8.1 Hz), and 3.50 (3H, s). 
Anal. Calcd. for C25H19F2N3O2.O.IOH2O: 

C, 69.31; H,4.47; N, 9.70. 
Found: C, 69.28; H. 4.57; N, 9.31%. 



EXAMPLE 17 
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EXAMPLE 18 




CI 



(+)-N-f (3R)-2.3-Dihydro- 1 -methyl-2-oxo-5.phenyl- 1 H- 1 ,4-benzo- 

diazeDin-3-vn-3-(4-chloroDhenvnpropanamidR 

m.p. 203-205°C, (alD +99.2° (c = 0.300, CH2CI2). 

dH (CDCI3) 7.62-7.16 (14H, m). 5.52 (IH, d, J 8.1 Hz), 3.47 (3H, s), 

2.99 (2H, t, J 7.7 Hz), and 2.67 (2H, t. J 7.7 Hz). 

Anal. Calcd. for C25H22CIN3O2: 

C, 69.52; H, 5.13; N, 9.73. 
Found: C 69.50; H, 5. 1 5; N, 9.72%. 



E-(-»-)-N-I(3R)-2.3-Dihydro- 1 -methyl-2-oxo-5-phenyl- 1 H- 1 ,4-benzo- 

diazeDin-3. v!1-3-(2.6-dichlornphenvn-2-propenamide, 

m.p. 121-124°C, |a|D +69.0° (c = 0.342. CH2CI2). 



EXAMPLE 19 
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dH (CDC13) 7.79 (IH, d, J 16.1 Hz). 7.64-7.15 (13H, m), 6.78 (IH, d, J 
1.5.8 Hz), 5.69 (1 H. d, J 8.1 Hz), and 3.50 (3H, s). 
Anal. Calcd. for C25Hl9Cl2N3O2.0.15PhCH3: 

C, 65.44; H, 4.23; N. 8.79. 
Found: C. 65.40: H, 4.38; N. 8.85%. 



E-(+)-N-f (3R)-2.3-Dihydro- 1 -methyl-2-oxo-5-phenyl- 1 H- 1 ,4-benzo- 

diazepin-3-vll-3-[4-(trifluoromethvl)phenvn-2-propenamide 

m.p. 133-137°C |a]D +68.7° (c = O.I 15, CH2CI2). 

dH (CDCI3) 7.72-7.25 (15H, m), 6.71 (IH, d, J 15.6 Hz), 5.67 (IH. d, J 

8.1 Hz), and 3.51 (3H,s). 

Anal. Calcd. for C26H20F3N3O2: 

C, 67.38; H. 4.35; N, 9.07. 
Found: C, 67.38; H, 4.45; N, 8.95%. 



EXAMPLE 20 
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EXAMPLE 21 




CI 



(+)-5-Chloro-N-[(3R)-2.3-dihydro-l-methyl-2-oxo-5-phenyl-lH-1.4- 

benzodiazepin-3-vl1indole-2-carboxamide 

m.p. 160-I64T, [ajD +103.8° (c = 0.160, CH2CI2). 

dH (CDCI3) 9.71 (IH, br s), 8.13 (IH. d. J 7.8 Hz), 7.68-7.09 (I3H, m), 

5.75 (IH, d, J 7.8 Hz), and 3.53 (3H, .s). 

Anal. Calcd. for C25Hi9ClN4O2.0.25H2O.0.15PhCH3: 

C. 67.84; H, 4.49; N. 12.15. 
Found: C, 67.80; H, 4.4 1 ; N, 12.07%. 



(+)-N-f (3R)-2,3-Dihydro- 1 -methy!-2.oxo-5-phenyl- 1 H- 1 ,4-beiizo- 

diazepin-3-vn-2.2-diphenvlethanamide 

m.p. 200-20iX, [a]D +97.0° (c = 0.168, CH2CI2). 



EXAMPLE 22 
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dH (CDCI3) 7.60-7.22 (20H, m). 5.58 (IH, d, J 8.1 Hz), 5.08 (IH, s). 
and 3.44 (3H. s). 

Anal. Calcd. for C30H25N3O2.0.15PhCH3: 

C, 78.79; H. 5.55; N, 8.88. 
Found: C, 78.8 1 ; H, 5.63; N. 9.07%. 



(+)-N-f (3R)-2,3-Dihydro- 1 -methyl-2-oxo-5-phenyl- 1 H- 1 ,4-benzo- 

diazepin-3-vn-3-(2.4-difluorophenvl')propanamide 

m.p. 79-81*'C, [alD +92.9*' (c = 0.105. CH2CI2). 

dH (CDCI3) 7.62-7.56 f3H. m), 7.50-7.19 (8H, m), 6.82-6.76 (2H, m), 

5.52 (IH, d, J 8.1 Hz), 3.47 (3H, s), 3.01 (2H, t, J 7.6 Hz), and 2.69 (2H, 

m). 

Anal. Calcd. for C25H21F2N3O2: 

C, 69.27; H, 4.88; N, 9.69. 
Found: C, 68.96; H, 4.99; N. 9.47%. 



EXAMPLE 2,3 




CH 
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EXAMPLE 24 




(+)-N-[(3R)-2,3-Dihydro-l-methyl-2-oxo-5-phenyl-IH-l,4-benzo- 

diazepin-3-vl )-2-phenvlethanamifie 

m.p. 241.-242°C (dec), [a]D +85.5° (c = 0.159, CH2CI2). 
dH (CDCI3) 7.59-7.55 (3H, m), 7.46-7.22 (12H, m), 5.51 (IH, d. J 
8.1Hz), 3.72 (2H, s), and 3.44 (3H, s). 
Anal. Calcd. for C24H21N3O2.O.55H2O: 
C, 73.28: H, 5.66; N, 10.68. 
Found: C, 73.25: H, 5.38: N. 10.47%. 

EXAMPLE 25 




(+)-N-[(3R)-2,3-Dihydro- 1 -methyl-2-oxo-5-phenyl-l H- 1 ,4-benzo- 

diazepin-3- vll-3-("2-chloroDhenvnpropanamiHR 

m.p. 158.5-159.5°C. fa|D +95.8° (c = 0.224. CH2CI2). 
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dH (CDCI3) 1.62-1.57 (3H. m), 7.47-7.16 (1 IH. m), 5.55 (IH, d, J 8.1 
Hz). 3.47 (3H, s), 3.14 (2H, t. J 7.9 Hz), and 2.75-2.69 (2H, m). 
Anal. Calcd, for C25H22CIN3O2.O.I5H2O: 

C. 69.09; H, 5.17; N, 9.67. 
Found: C, 69.05; H, 5.12; N, 9.63%. 



(-i-)-N-[(3R)-2.3-Dihydro- 1 -niethyl-2-oxo-5-phenyl- 1 H- 1 ,4-benzo- 

diazepin-3-vll-3-f4-(trifluoromethvnphenvllpropanamide 

m.p. nS-neX, falD +86.5" (c = 0.141. CH2CI2). 
dH (CDCI3) 7.62-7.54 (5H, m), 7.47-7.22 (9H. m), 5.52 (IH, d, J 8.1 
Hz), 3.47 (3H, m), 3.08 (2H, t, J 7.6Hz), and 2.72 (2H, m). 
Anal. Calcd. for C26H22F3N3O2.O.8OH2O: 

C, 65.08; H, 4.93; N, 8.76. 
Found: C, 65.03; H, 4.63; N. 8.72%. 
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(+)-N-[(3R)-2,3-Dihydro-l-methyl-2-oxo-5-phenyl-lH-),4-benzo- 

diazepin-3-vll-2-f4-(trifluoromethvnDhenvl1ethanamide 

_ m.p. 224-226°C, lajD +68.0" (c = 0. 1 53, CH2CI2). 

dH (CDCI3) 7.63-7.55 (4H, m). 7.51-7.33 (8H, m). 7.26-7.23 (2H, m). 
5.51 (IH, d, J 8.1 Hz), 3.77 (2H, s). and 3.46 (3H, s). 
Anal. Calcd. for C25H20F3N3O2: 

C, 66.51; H. 4.47; N, 9.31. 
Found: C, 66.46; H, 4.36; N, 9.10%. 

EXAMPLE 28 




(+)-N-f (3R)-2.3-Dihydro- 1 -niethyI-2-oxo-5-phenyI- i H- 1 ,4-benzo- 

diazepin-3-vn-3-f 3-r fri fluoromethvnnhen vllpropanamide 

m.p. 135-136°C. |ajD +78.8'' (c = 0.134. CH2CI2). 
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dH (CDCI3) 7.62-7.56 (3H, m), 7.49-7.22 (1 IH, m). 5.53 (IH. d. J 8.1 
Hz), 3.47 (3H, s), 3.08 (2H. t. J 7.3 Hz), and 2.72 (2H, m). 
Anal. Calcd. for C26H22F3N3O2: 

C, 67.09; H, 4.76; N. 9.03. 
Found: C, 67.03; H. 4.73; N, 9.1 3%. 



(+)-3-Cyclohexyl-N-[(3R)-2,3-dihydro-l-methyI-2-oxo-5-phenyl-lH- 

1 .4-benzodiazepin-3-yl1propanamide 

m.p. 144.5-145.5°C, [a]D +83.1° (c =0.1 16, CH2CI2). 

dH (CDCI3) 7.62-7..56 (3H, m), 7.46-7.21 (7H, m), 5.55 (IH, d, J 8.3 

Hz), 3.48 (3H, s), 2.41-2.36 (2H, m). 1.77-1.58 (7H. m), 1.31-1.16 (4H, 

m), and 0.98-0.90 (2H, m). 

Anal. Calcd. for C25H29N3O2: 

C, 74.4 1;H, 7.24; N, 10.41. 
Found: C, 74.46; H, 7.27; N, 10.58%. 



EXAMPLE 29 
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PXAMPLE 30 




(+)-N-f(3R)-2.3-Dihydro- 1 -methy l-2-oxo-5-phenyl- 1 H- 1 ,4-benzo- 

diazepin-3-vll-3-f2-(trifluoroniethvnp henvnpropanamide 

m.p. 1 10-1 13T, (a)D +79.2'* (c = 0.376, CH2CI2). 
dH (CDCI3) 7.65-7.57 (4H, m), 7.50-7.22 (lOH. m), 5.55 (IH, d, J 8.0 
Hz). 3.47 (3H, .s), 3.20 (2H, t, J 7.9 Hz), and 2.70 (2H, dt, J 7.9, 3.3 Hz). 
Anal. Calcd. for C26H22F3N3O2: 

C, 67.09; H, 4.76; N, 9.03. 
Found: C, 66.97; H, 4.76; N, 8.93%. 

EXAMPLE 31 




(+)-N-f(3R)-2,3-Dihydro-l-methyl-2-oxo-5-phenyl-lH-l,4-benzo- 

diazepin-3 -vl|-3-(4-cvanoDhenvnpropanamide . 

m.p. 8 1 -85X. falD +9 1 .0** (c = 0. 1 1 L CH2CI2). 
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dH (CDCI3) 7.64-7.55 (4H, m). 7.48-7.16 (lOH, m), 5^50 (IH, d, J 8.3 
Hz), 3.47 (3H. s), 3.08 (2H, t. J 7.6 Hz), and 2.74-2.69 (2H, m). 
Anal. Calcd. for C26H22N4O2.0.60H2O.0.50PhCH3: 

C. 73.93; H,5.62; N, 11.69. 
Found: C, 73.98; H. 5.6 1 ; N, 1 1 ,7 1 %. 



(+)-N-[(3R)-2,3-Dihydro-l-methyl-2-oxo-5-phenyl-IH-1.4-benzo- 

diazepin-3-vll-3-(3-chlorophenynpropananiide 

m.p. 157-159°C. |alD +90.7° (c = 0.134, CH2CI2). 

dH (CDCI3) 7.62-7.57 (3H, m), 7.47-7.12 (1 IH, m), 5.53 (IH, d, J 8.1 

Hz), 3.47 (3H, s). 3.00 (2H, t, J 7.3 Hz), and 2.71-2.66 (2H, m). 
Anal. Calcd. for C25H22CIN3O2.0.55H2O: 

C, 67.96; H, 5.27; N,9.51. 
Found: C, 67.99; H, 5.18; N, 9.26%. 



EXAMPLE 32 
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EXAMPLE 33 




E-(+)-N-f (3R)-2.3-Dihydro- 1 -niethyI-2-oxo-5-phenyl- 1 H- 1 ,4-benzo- 

diazepin-3-vn-3-f2-bromophenvl)-2-propenamide 

m.p. 1 13-1 16"C, fajD +44.2° (c = 0.1 13. CH2CI2). 

dH (CDCI3) 8.03 (IH, d,y 15.6 Hz). 7.64-7.16 (14H, m), 6.57 (IH, d, J 

15.6 Hz). 5.68 (IH, d, J 8.1 Hz), and 3.50 (3H. s). 

Anal. Calcd. for C25H20BrN3O2.0.60H2O.0.30PhCH3: 

C, 63.48; H, 4.58; N,8.19. 
Found: C, 63.49; H, 4.38; N, 8. 1 9%. 

EXAMPLE 34 




E-(+)-N.f (3R)-2,3-Dihydro- 1 -methyl-2-oxo-5-pheny I- 1 H- 1 ,4-benzo- 

diazepin-3-vn-3-f3-bromonhenvn-2.propenamide 

m.p. 221-223 d°C [ajD +65.5* (c = 0.206. CH2CI2). 
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dH (CDCI3) 7.69 (IH, br s), 7.64-7.57 (4H. m), 7.5J-7.37 (6H. m), 
7.29-7.19 (4H, m), 6.62 (IH, d, J 15.6 Hz). 5.66 (IH, d. J 8.1 Hz), and 
3.50 (3H. s). 

Anal. Calcd. for C25H20BrN3O2.0.35H2O.0.20PhCH3: 

C, 63.54; H, 4.46; N. 8.42. 
Found: C, 63.50; H, 4.39; N. 8.42%. 



E-(+)-N-l (3R)-2,3-Dihydro- 1 -methyl-2-oxo-5-phenyl- 1 H- 1 ,4-benzo- 

diazepin-3-vn-3-(4-iodophenvn-2-propenamide 

m.p. 137-140°C. ta]D +67.9° (c = 0.268. CH2CI2). 
dH (CDCI3) 7.75-7.72 (2H. m). 7.64-7.36 (8H, m), 7.29-7.16 (5H, m). 
6.63 (IH, d, J 15.6 Hz), 5.66 (IH, d, J 8.1 Hz), and 3.50 (3H, m). 
Anal. Calcd. for C25H20lN3O2.Q.30PhCH3: 

C. 59.29; H, 4.06; N, 7.65. 
Found: C. 59.29; H, 3.90; N, 7.40%. 



EXAMPLE 35 




CH 
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EXAMPLE 36 




E-(+)-N-| (3R)-2,3-Dihydro- 1 -melhy l-2-oxo-5-phenyl- 1 H- 1 ,4-benzo- 

diazeDin-3-vn-3-(4-brom oDhenvn-2-proDenamide 

m.p. 121-124°C, falD +75.6° (c = 0.201, CH2CI2). 
dH (CDCI3) 7.64-7.57 (3H, m). 7.55-7.35 (1 IH, m). 7.28-7.24 (IH, m), 
6.62 (IH. d, J 15.6 Hz), 5.66 (IH, d. J 8.1 Hz), and 3.50 (3H, .s). 
Anal. Calcd. for C25H20BrN3O2: 

C, 63.30; H, 4.25; N, 8.86. 
Found: C. 63.50; H, 4.20; N, 8.78%. 



(+)-N-[(3R)-2,3-Dihydro- 1 -methyI-2-oxo-5-phenyl- 1 H- 1 ,4-benzo- 

diazepin-3- vl1-4-phenvlbutananiide 

m.p. 65-74°C, [a]D +77.4° (c = 0.155, CH2CI2). 



EXAMPLE 37 
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dH (CDCI3) 7.62-7.56 (3H, m), 7.46-7.19 (I2H. m), 5.55 (IH, d, J 8.| 
Hz), 3.47 (3H. s), 2.71 (2H. t. J 7.6 Hz), 2.42-2.37 (2H, m), and 2.09- 
2.01 (2H, m). 

Anal. Calcd. for C26H25N3O2.O.3OH2O: 
C. 74.91; H, 6.19: N, 10.08. 
Found: C. 74.93; H, 6.05: N, 10.07%. 



(-t-)-N-f(3R)-2.3-Dihydro-l-methyI-2-oxo-5-phenyl-lH-l,4.benzo- 

diazepin-3-vl1-5-methvl-3-phenvli.soxazole-4-carboxamide 

m.p. I23-I26-C. jajD +122.0** (c = 0.199, CH2CI2). 
dH (CDCI3) 7.79-7.76 (2H, m), 7.62-7.32 (1 IH, m), 7.26-7.21 (2H, m). 
5.61 (IH, d, J 7.9 Hz), 3.42 (3H, s), and 2.76 (3H, .s). 
Anal. Calcd. for C27H22N4O3.O.4OH2O: 
C. 70.85; H, 5.02; N, 12.24. 
Found: C. 70.84; H, 4.9 1 ; N, 1 1 .92%. 



EXAMPLE 38 
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EXAMPLE 39 




CN 



(+)-N-f(3R)-2,3-Dihydro-l-methyl-2-oxo-5-phenyl-lH-l,4-benzo- 

diazepin-3-vll-3-(3-cvanonhenvnDronanamide 

m.p. 1 10-1 12X, [ajD +84.2*" (c = 0.202, CH2CI2). 
dH (CDCI3) 7.63-7.22 (14H, m), 5.51 (IH. d, J 8.1 Hz), 3.47 (3H, s), 
3.06 (2H. t, J 7.8 Hz), and 2.74-2.68 (2H, m). 
Anal. Calcd. for C26H22N4O2.G.5OH2O: 
C, 72.37; H, 5.37; N. 12.98. 
Found: C, 72.52; H, 5.12; N, 12.59%. 



(+)-N-[(3R)-2,3-Dihydro- 1 -methyl-2-oxo-5-phenyI- 1 H- 1 ,4-benzo- 

diazepin-3-yllcvclohexanethanamide 

m.p. 144-146?C lalD +72.1° (c= 1.000, MeOH). 
Anal. Calcd. for C24H27N3O2.O.2OH2O: 



EXAMPLE 40 



O 
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Found; 



C. 73.33; H, 7.03; N, 10.69. 
C, 73.27; H, 7.02; N, 10.76%. 



EXAMPLE 41 




N 



(+)^.CyclohexyI-N-[(3R)-2.3-dihydro-l-melhyl-2-oxo-5-phenyl-lH- 

1 .4-benzodiazepin-3-ynbutananiide 

lajD +57.7'* (c=0.440. MeOH). 
Anal. Calcd. for C26H31N3O2: 

C, 74.79; H, 7.48; N, 10.06. 
Found: C, 74.8;0 H, 7.78; N. 10.05%. 



(+)-N-[(3R)-2,3-Dihydro- 1 -methyl-2-oxo-5-phenyl- 1 H- 1 ,4-benzo- 

diazepin-3-vn-4-methvlDentanamide 

m.p. 123-12.5''C,.falD +66.8° (c=0.500. MeOH). 



EXAMPLE 42 



.0 



O 
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Anal. Calcd. for C22H25N3O2.O.45H2O: 
C, 71.12; H,7.03; N, 11.31. 
Found: C, 71.08; H, 6.81; N, 1 1.42%. 

EXAMPLE 43 

H 

(R) 

(+)-N-f (3R)-2,3-Dihydro- 1 -methyl-2-oxo-5-phenyl- 1 H- 1 ,4-benzo- 

diazepin-3-vl]-2.3-dihvdrobenzofuran-2-carboxamide 

Diisopropylethylamine (0.3 mL, 223 mg, 1.72 mmol) was 
added to a stirred, cooled (0 *C) solution of 3(R)-amino-1.3-dihydro-l- 
methyl-5-phenyl-2H-1.4-benzodiazepin-2-one (J. Or^;. Chem . 1987,52, 
3232-3239) (400 mg, 1.5 mmol), 2,3-dihydrobenzofuran-2-carboxylic 
acid (274 mg, 1.7 mmol), l-(3-dimethylaminopropyl)-3-elhylcarbodi- 
imide hydrochloride (583 mg, 3.0 mmol), and 1 -hydroxybenzotriazole 
(479 mg, 3.1 mmol) in DMF (4.5 mL). The mixture was stirred at 
room tempera- 
ture for 18 h., poured into aqueou.s hydrochloric acid (3M, 12 mL) and 
extracted with ethyl acetate (3 x 20 mL). The combined organic 
fractions were washed with saturated aqueous sodium hydrogen 
carbonate (20 mL) and brine (20 mL), dried (MgS04) and evaporated 
under reduced pressure. The residue was crystallized from 2-chloro-2- 
methylpropane/ 

hexane to give (+)-N-|(3R)-2,3-dihydro-l-methyl-2-oxo-5-phenyl-lH- 
1.4-benzodiazepin-3-ylJ-2,3-dihydrobenzofuran-2-carboxamide as a 
coIorle.ss .solid (156 mg. 25%). m.p. 141-I80''C, fa]D +127.1° (c=0.425, 
CHCI3). 
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dH (CDCI3) (3:1 Mixture of diasiereoisomers) 8.44 (IH, m), 7.65-6.91 
(13H, m), 5.52 (IH, m), 5.28 (IH, m), and 3.70-3.40 (5H, m). 
Anal. Calcd. for C25H21N3O3.O.25 Hexane 

C, 73.50; H, 5.70; N, 9.71. 
Found: C, 74.12; H, 5.57: R 9.71%. 



(+)-N-[(3R)-2,3-dihydro- 1 -methyN2-oxo-5-phenyl- 1 H- K4-benzo- 
diazepin-3-yl]-r-( 1 J -dimethylethoxyca^bonyl)spiro^cycIohexan-4,4'- 
pigSI!diD£MI£a!tl22La^ 



Diethyl 1 *benzvlpiperidine-4,4-diacetate 

Ethanol (120 mL) was cooled in ice and ammonia bubbled 
through to give a saturated solution. 1 -BenzyI-4-piperidone (40.0g, 
21 Immol) and ethyl cyanoacetate (47.8g, 423 mmol) were added, the 
reaction vessel stoppered and stored at 0*^C overnight. The solid was 
collected, washed with ethanol and ether and dried in vacuo to give a 
yellow solid (68.86g). The solid (58.86g) was dissolved in a mixture of 
sulfuric acid (70 mL. 98%) and water (60 mL) and heated under reflux 
for three days the mixture cooled and most of the water evaporated. The 
residue was azeot roped with ethanol (4x750 mL), further ethanol (500 
mL) added and the mixture heated under reflux for 20h. cooled in ice 
and sodium carbonate (lOOg) added slowly with vigorous stirring. The 



EXAMPLE 44 



Step A : 




EtOgC C02Et 
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ethanol was evaporated under reduced pressure, water (800 mL) added 
and the mixture extracted with methylene chloride (3x400 mL). The 
combined organic extracts were dried (Na2S04) and the solvent 
evaporated to give dicAyl l-benzylpiperidine-4,4-diacetate (37.5 1 g). 
A small portion of this was purified by flash column chromatography. 



NMR (300 MHz, CDCI3) d: 7.2-7.4 (m, 5H), 4.11 (q, J=7.3Hz,4H), 3.50 
(s, 2H), 2.56 (s, 4H), 2.4 (m, 4H), 1.7 (m, 4H). 1.24 (t, J=7.3Hz. 6H). 



1 -Benzvlpiperidine-4.4-diethanol 

A solution of the die.ster (12.2 g, 35 mmol) in ether (25 
mL) was added to a cooled (-30°C) and stirred suspension of LiAlH4 
(2.1 g, 55 mmol) in ether (400 mL), under argon. THF (60 mL) was 
added and the reaction mixture allowed to warm to room temperature. 
After recooling to 0°C, water (2.2 mL), 1 M NaOH (4.4 mL) and water 
(5 mL) were added, the reaction mixture stirred vigorously for 30 min 
and the solid filtered off, washing well with ether. The combined 
filtrates were evaporated to afford a white solid which was tritutrated 
with ether to give 8 g of l-benzylpiperidine-4,4-diethanol. 
m.p. 75-78°C 

NMR (300 MHz, CDCI3) d: 7.2-7.4 (m. 5H), 3.7 (t, J = 6.8 Hz, 4H), 
3.52 (s, 2H). 2.7 (brs, 2H), 2.43 (m, 4H), 1.66 (t, J = 6.8 Hz, 4H), 1.5 
(m, 4H). 



Step B : 




Ph 



Step C : 
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HO, 




OH 



BOC 



l-t-ButQxvcarbonvlpiperidine-4.4-diethanol 

The benzylamine (2.07 7.9 mmol) was dissolved in 
methanol (60 mL), B0C20 (1.72 g, 7.9 mmol) added and the mixture 
hydrogenated at 50 psi over 10% palladium hydroxide on charcoal (200 
mg) for IR hours. The reaction mixture was filtered through celite, 
washed with methanol and the filtrate evaporated to give 1 -t-butoxy- 
cart)onylpiperidine.4,4-diethanol (2,0 g). 



NMR (300 MHz, CDCI3) d: 3.7 (m, 4H), d 3.3 (m, 6H), 1.65 (t, J = 6.8 
Hz,4H), 1.41 (s, 9H). 



l-t-Butoxvcarbonvlpiperidine-4.4-diethanol. bis(methanesulfonate) 
The diol (2.41 g, 8.9 mmol) was dissolved in dichloro- 
methene (50 mL), the solution cooled to -20^C under argon before 
addition of triethylamine (3.7 mL, 26 mmol) and methanesulfonyl 
chloride (1.6 mL, 20 mmol). After 30 min., the reaction mixture was 
poured into ice cold 10% citric acid and extracted with ether (X3), The 
combined extracts were washed with water, saturated NaHC03 and 
brine, dried (MgS04) and the solvent evaporated to afford 1-t-butoxy- 
carbonylpiperidine-4,4-diethanol, bis(methanesulfonate) (3.2g). 



NMR (300 MHz, CDCI3) d: 4.32 (t, J = 7.1 Hz, 4H), 3.4 (m, 4H), 3.04 
(s, 6H), 1.89 (t, J = 7.1 Hz,4H). 



Step D : 




N 



BOC 
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I 

BOC 

Diethyl 3-t-butvloxvcarb onvl-3-azaspirof5.5]undecane-9.9-dicarhnxvhte 

To a slurry of 60% NaH (2.04 g, 0.51 mole) in toluene 
(160 mL), under argon, wa.s slowly added diethyl malonate (3.72 mL. 
24.3 mmol). The mixture was cooled to 0°C and the bi.s-mesylate 1 (7.0 
g, 16.3 mmol) added as a solid and the mixture heated to reflux for 18 
hours. The reaction was quenched into 10% citric acid (100 mL) and 
the product extracted with CH2CI2 (2x150 mL). The extracts were 
dried (Na2S04), concentrated to an oil, and chromatographed on silica 
to give 3.83 g (60% ) of diethyl 3-t-butyJoxycarbonyl-3-aza.spiro- 
[5.5jundecane-9,9-dicarboxylate. 

IH NMR (CDCI3) d: 1.22 (t, 6H). 1 .4 (s. 9H). 2.0 (m, 4H), 3.35 (m. 
4H), 4.2 (q, 4H). 
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StepF 



COOH 




I 

BOC 

3>t-ButylQXvcarbonyl-3-a2asT)iror5.51undecane-9>carboxvlic acid 

To a solution of the diester 2 (3-69 0.0093 m) in THF 
(50 mL) was added IN LiOH (47 mL). The reaction was stirred for 3 
days at 25'*C, diluted with water (50 mL) and pH adjusted to 2.2 with 
KHSO4. The product was extracted into ethyl acetate (2x75 mL), dried 
(Na2S04), and concentrated to a foam (3.5 g). The solid was melted in 
a flask at UO'^C for 2 hours, cooled and the oil dissolved in THF (15 
mL), IN LiOH (10 mL) added and mixture stirred overnight at 30°C. 
The reaction was concentrated to remove THF, diluted with water (20 
mL) and washed with diethyl ether (10 mL). The pH was adjusted to 
2.5 witfi KHSO4 and product extracted (3x50 mL) with ethyl acetate. 
The extracts were dried (Na2S04), filtered and concentrated to yield 3- 
t-butyloxycarbonyl-3-azaspiro(5.5]undecane-9-carboxyIic acid as a foam 
(2.48 g, 90%). 

IH NMR (CDCI3, partial) d: 1.45 (s, 9H), 3.4 (m, 4H). 

Employing the procedure substantially as described in 
Example 43 but substituting an appropriate acid for the 2,3-dihydro- 
benzofuran-2-carboxyIic acid, the following compounds were prepared: 
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Step G : 




(+)-N-[(3R)-2,3-Dihydro- 1 -methy l-2-oxo-5-phenyl- 1 H- 1 ,4-benzo- 

dia2epin-3-yI]-r-(l,l-dimethylethoxycarbonyl)spiro(cyclohexan-4,4'- 
piperidine)- 1 -carboxamide ^ 

m.p. 135-138°C. [a]D +58.R° (C=0.925, CHClB). 

dH (CDC13) 7.61-7.23 (lOH, m), 5.54 (IH, d, J 9.0 Hz), 3.47 (3H, s), 

3.37 (4H, m), 2.28 (IH, m). and 1.81-1.18 (21H. s). 

Anal. Calcd. for C32H40N4O4: 

C. 70.56; H. 7.40; N, 10.29. 
Found: C, 70.2 1 ; H, 7.40; N, 10. 1 6%. 

EXAMPLE 45 
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{+)-N-[(3R)-2,3-Dihydro- 1 -methyl-2-oxo-5-phenyl- 1 H- 1 ,4-benzo- 

diazepin-3-vn-3-ffiiran-2-vnpropanamide ^ 

in.p. 1 15-1 ISX, fa]D +65.8° (c=0.800, CHClS). 

dH (CDCI3) 7.62-7.26 (1 IH, m), 6.28 (IH, dd, J 3.2. 2.0 Hz), 6.08 (IH, 

dd, J 3.2, 0.7 Hz), 5.58 (IH, d, J 8.1 Hz), 3.48 (3H, n), 3.04 (2H, t. J 7.6 

Hz), and 2.75 (2H, m). 

Anal. Calcd. for C23H2lN3O3.0.3Hexane: 

C, 72.07; H, 6.15: N, 10.17. 
Found: C, 71.78; H, 6.30; N. 9.77%. 



(+)-N-[(3R)-2,3-Dihydro-l-methyl-2-oxo-5-phenyl-lH-l,4-benzo- 

diazepin-3-vll-4-(2-thienvnbutanamide 

m.p. 170-180''C, [a]D +63.5" (c=1.000, MeOH). 
Anal. Calcd. for C24H23N3O2S.O.95H2O: 

C. 66.32; H, 5.77; N, 9.67. 
Found: C. 66.32; H. 5.34; N, 9.40%. 



EXAMPLE 46 
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EXAMPLE 47 




(+)-N-l(3R )-2.3-Dihydro- 1 -methyl-2-oxo-5-phenyl- 1 H- 1 .4-benzo- 

diazepin-3-vncvclohexvlcarboxamide 

m.p. 213-214°C, [ajD+62.4° (c=1.000. MeOH). 
Anal. Calcd. for C23H24N3O2: 

C, 73.77; H. 6.46; N, 11.22. 
Found: C, 73.86; H, 6.8 1 ; N. 11 . 1 5%. 

EXAMPLE 48 




(E)-(+)-N-f (3R)-2,3-Dihydro- 1 -methyI-2-oxo-5-phenyl- 1 H- 1 ,4-benzo- 

diazeDin-3-vn-3-(3.4-methvienef1inxv phenvn-2-Dropenamirie 

m.p. 143-145°C. lajD +62.3° (c=0.960, MeOH). 
Anal. Calcd. for C25H2lN3O4.0.10H2O.0.20Et2O: 

C, 69.78; H, 5.27: N, 9.46. 
Found: C, 69.78; H. 4.98; N, 9.28%. 
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EXAMPLE 49 




(+)-N-l(3R)-2,3-dihydro- 1 -methyl-2-oxo-5-pheny I- 1 H-l ,4-benzo- 

diazepin-3-yll-2-quinoxalinecarboxamide 

[a]D +85.8° (c=0.360, MeOH). 
Anal. Calcd. for C25H19N5O2: 

C, 69.96; H, 4.90; N, 15.33. 
Found: C. 69.95; H, 4.72; N, 15.25%. 

EXAMPLE 50 



(+)-N-[(3R)-2,3-Dihydro-2-methy]-2-oxo-5-phenyl-lH-l,4-benzo- 
diazepin-3-yn-2-(phenylainino)acetamide 
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N-f (3R)-2,3-Dihydro- 1 -methyl-2-oxo-5-pheny I- 1 H- 1 ,4-benzodiazepin- 
3.vn-2-brnmnacetamiH<» ] 

Bromoacetyl bromide (165 mL, 383 mg, 1.9 mmol) was 
added to an ice cooled solution of 3(R)-amino-l,3-dihydro-l-methyl-5- 
phenyl-2H-l,4-benzodiazepin-2-one (J. Orp. Chem . 1987, 52, 3232- 
3239) (500 mg. 1.88 mmol) and triethylamine (264 mL, 192 mg, 1.9 
mmol) 

in methylene chloride (10 mL) and the mixture was .stirred at room 
temperature for 1 h. The mixture wa.s washed with water (3 x 10 mL), 
dried (MgS04) and the solvent was evaporated under reduced prcs.sure 
to give N-f(3R)-2,3-dihydro-l-methyl-2-oxo-5-phenyl-lH-l,4- 
benzodiazepin-3-yl]-2-bromoacetamide as a colorless foam (760 mg, 
100%). 

dH (CDC13) 8.24 (IH. d, J 7.8 Hz), 7.64-7.24 (9H. m). 5.48 (IH, d, J 
7.8 Hz), 4.00 (2H, m), and 3.50 (3H, s). 
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StepB: 




(+)-N-[(3R)-2,3-Dihydro-l-methyl-2-oxo-5-phenyl-lH-l,4-benzo- 

diazepin-3-vn-2-fphenvlainino)acetamide 

Aniline (297 mL, 304 mg, 3.26 mmol) was added to a 
solution of N-[(3R)-2.3-dihydro-l-methyl-2-oxo-5-phenyl-lH-1 ,4- 
benzodiazepin-3-yl]-2-bromoacetaniide (600 mg, 1.55 mmol) in ethanol 
(25 mL) and the mixture was heated under reflux for 24 h. The 
mixture was cooled and the solid was collected and recrystallized from 
ethanol (20 mL) to give (+)-N-|(3R)-2,3-dihydro-I-methyl-2-oxo-5- 
phenyl-lH-l,4-benzodiazepin-3-yl]-2-(phenylamino)acetamide as a 
colorless solid (500 mg, 81%), m.p. 245-246°C, fajD +119° (C=0.850, 
CHC13). 

dH (CDCI3) 8.26 (IH, d, J 8.3 Hz). 7.63-7.20 (12H. m), 6.81 (IH, t, J 
7.3 Hz). 6.72 (2H. d, J 7.6 Hz), 5.56 (IH. d, J 8.3 Hz;. 3.95 (2H, d, J 1.5 
Hz), and 3.45 (3H, s). 
Anal. Calcd. for C24H22N4O2: 

C, 72.34; H, 5.57; N. 14.06. 
Found: C, 72.37; H, 5.59; N, 14.32%. 

Employing the procedure substantially as described above, 
but substituting 2-chloroaniline or 4-(trifluoromethyl)aniline for the 
aniline, the following compounds were prepared: 
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EX AMPLE 51 




(+)-N-[(3R)-2,3-Dihydro-l -methyl-2-oxo-5-phenyl- 1 H- 1 .4-benzo- 

dia2eDin-.Vvll-2-f2-chlomphenvlainino^aceramiHp 

m.p. 222-224«'C, |ajD +1 1 1" (c=0.973, CHCI3). 
dH (CDCI3) 8.15 (IH. d, J 8.3 Hz). 7.60-7.16 (12H, m), 6.71 (2H, m), 
5.57 (IH, d, J 8.3 Hz), 4.01 (2H, d, J 2.7 Hz), and 3.45 (3H, .s). 
Anal. Calcd. for C24H21 CIN4O2: 

C, 66.59; H, 4.89; N, 12.94. 
Found: C, 66.40; H. 4.94; N. 12.92%. 

EXAMPLE 52 
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(+)-N-[(3R )-2,3-Dihydro- 1 -methyl-2-oxo-5-phenyl- 1 H- 1 ,4-benzo- 

diazepin-3-vn-2-[4-(trifluoromethvnphenv]amino1actlaniide 

m.p. 218-219T. [ajD +91.9*' (c = 0.419. CHCI3). 

dH (CDCI3) 8.13 (IH, d. J 9.0 Hz), 7.70-7.25 (12H, m), 6.72 (2H, d, J 

8.7 Hz), 5.60 (IH, d, J 9.0 Hz), 4.05 (2H. m), and 3.50 (3H, s). 

Anal. Calcd. forC25H2lF3N4O2.0.7H2O: 

C. 62.68; a 4.71: N, 11.69. 
Found: C, 62.47; H, 4.32; N, 1 1 .44%. 



(+)-N-I(3R)-2,3-Dihydro- 1 -methyl-2-oxo-5-phenyI- 1 H- 1 ,4-benzo- 

dia2epin-3-vl1-2-fphenoxv)acetamide 

Phenol (104 mg, 1.1 nunol) was added to a suspension of 
sodium hydride (60% dispersion in mineral oil, 44 mg, 1.1 mmol) in 
toluene (10 mL). When hydrogen evolution had stopped, N-[(3R)-2,3- 
dihydro- 1 -methyl-2-oxo-5-phenyl- 1 H- 1 ,4-benzodiazepin-3-yll-2-bromo- 
acetamide (400 mg, 1 .04 nunol) was added and the mixture was stirred 
at room temperature for 18 h. The mixture was washed with water (3 x 
15 mL), dried (MgS04) and the solvent was evaporated under reduced 
pressure. The residue was triturated with 2-propanol and the solid was 
collected and recrystallized from 2-propanol (5 mL) to give (+)-N- 
((3R)-2,3-dihydro- 1 -methyI-2-oxo-5-phenyl- 1 H- 1 ,4-uenzodiazepin-3- 
yl]-2-(phenoxy)acetamide as a colorless solid (112 mg, 27%), m.p. 126- 
128X, [a]D+81.6 (C=0.692, CHCI3). 



EXAMPLE 53 
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dH (CDCI3) 8.49 (IH, d. J 8.2 Hz), 7.64-7.01 (14H, m). 5.61 (IH, d, J 
8.2 Hz), 4.65 (IH. d, J 14.6 Hz). 4.58 (IH, d, J 14.6 Hz), and 3.50 
(3H, s). 

Anal. Calcd. for C24H21N3O3: 

C. 72.17; H. 5.30: N, 10.52. 
Found: C, 71.84; H. 5.25: N, 10.41%. 



Employing the procedure substantially as described above. 



but .substituting 2,4-dichlorophenol, thiophenol or 2,4-dichloro- 
thiophenol for the phenol, the following compounds were prepared: 



(+)-N-((3R)-2,3-Dihydro.l-methyl-2-oxo-5-phenyl-lH-l,4-benzo- 

diazepin-:^- vri.2-(2.4-dichlorophenoxv)acetamide 

m.p. 206°C, [a)D +31.1° (c=0.289. CHCI3). 

dH (CDCI3) 8.75 (IH, d, J 9.0 Hz), 7.65-7.20 (1 IH, m), 6.90 (IH, d, J 
8.7 Hz), 5.60 (IH. d, J 9.0 Hz), 4.65 (2H, m), and 3.50 (3H, s). 
Anal. Calcd. for C24H19CI2N3O3.O.3H2O: 

C. 60.85; H. 4.17; N, 8.87. 
Found: C, 60.80; H, 4.04; N, 8.87%. 



EXAMPLE 54 
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EXAMPLE 5^ 




(+)-N-[(3R)-2,3-Dihydro- 1 -methyI-2-oxo-5-pheny I- 1 H- 1 .4-benzo- 

diazepin-3-yII-2-(phenylthio)acetamide 

[a]D +104.9° (c=0.3 16, CHCI3). 

dH (CDCi3) 8.50 (IH. d, J 9.0 Hz), 7.60-7.20 (14H, m), 5.50 (IH, d, J 
9.0 Hz), 3.75 (2H, m), and 3.45 (3H, s). 
Anal. Calcd. for C24H21N3O2S: 

C. 69.37; H,5.10; N, 10.11. 
Found: C, 68.98; H, 5.06; N, 9.76%. 

EXAMPLE 56 




(+)-N-[(3R)-2,3-Dihydro- 1 -methy l-2-oxo-5-phenyl-l H- 1 ,4-benzo- 

diazepin-3-vn-2-('2.4-dichioroDhenvlthiQ^acetamide 

[a|D +97.4^ (c=0.286, CHCI3). 
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dH (CDCI3) 8.35 (IH, d, J 9.0 Hz). 7.70-7.20 (12H, rn). 5.50 (IH, d J 
9.0 Hz). 3.70 (2H. m), and 3.50 (3H, s). 
Anal. Calcd. forC24Hi9Cl2N302S: 

C. 59.51; H.3.95; N, 8.67. 
Found: C, 59.32; H, 3.95; N, 8.65%. 



(+)-N-[(3R)-2.3-Dihydro- 1 -methy l-2-oxo-5-phenyl- 1 H- 1 ,4-benzo- 

diazepin-3- vn-3-(phenvlaminQ)propanamide 

3-Bromopropionyl chloride (2.01 mL, 3.428 g, 20 mmol) 
was added to an ice cooled solution of 3(R)-amino-1.3-dihydro-l- 
methyl-5-phenyl-2H-1.4-benzodiazepin-2-one (J. Ore. Chem . 1987,52, 
3232-3239) (5.0 g, 1 8.8 mmol) and triethylamine (2.79 mL, 2.02 mg. 
20 mmol) in methylene chloride (85mL) and the mixture was .stirred at 
room tempera- 
ture for 18 h. The mixture was washed with saturated aqueous sodium 
hydrogen carbonate (85 mL), water (2 x 85 mL), and brine (85 mL), 
dried (MgS04) and the solvent was evaporated under reduced pressure. 
A sample (0.5 g, 1.25 mmol) was dissolved in ethanol (25 mL), aniline 
(230 mL, 233 mg, 2.5 mmol) was added and the mixture was heated 
under reflux for 70 h. The mixture was cooled and the solid was 
collected and recry.stallized from ethanol to give (+)-N-l(3R)-2,3- 
dihydro-1 -methyl-2-oxo-5-phenyl-lH-l ,4-benzodiazepin-3-ylJ-3- 
(phenylaraino)propanamide 



EXAMPLR 57 



CH3 




.0 
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as a colorless solid, m.p. 218-221°C, la]D +58.2° (c=0.585, CHCI3). 
dH (CDCI3) 7.60-6.71 (16H, m), 5.54 (IH, d. J 8.1 Hz), 3.54 (2H, t. J 
6. 1 Hz), 3.52 (3H, s), and 2.70 {2H, m). 
Anal. Calcd. for C25H24N4O2.0.5Et0H: 
C, 71.70; H, 6.25; N, 12S1. 
Found: C, 7 1 .42; H, 5.98; N, 12.84%. 

EXAMPLE 58 




(+)-l-[(3R)-2,3-Dihydro-l-methyl-2-oxo-5-phenyl-lH-l,4-benzo- 

diazepin-3-vn-3-f2.4-dichlorophenynurea 

2,4-DichlorophenyIi.socyanate (188 mg, 1.0 mmoi) was 
added to a solution of 3(R)-amino-l,3-dihydro-l-niethyl-5-phenyl-2H- 
l,4-benzodiazepin-2-one fJ. Orp. Chem . 1987, 52, 3232-3239) (265 mg, 
1 .0 mmol) in tetrahydrofuran (20 mL). The mixture was stirred at 
room temperature for 18 h. and the solvent was evaporated under 
reduced pressure. The residue was purified by flash column 
chromatography on silica gel, eluting with CH2Cl2/MeOH (99.5:0.5) 
and the residue was crystallized from CH2Cl2/hexane to give (+)-l- 
[(3R)-2,3-dihydro- 1 -methyl-2-oxo-5-phenyl- 1 H- 1 ,4-benzodiazepin-3- 
yl]-3-(2,4-dichlorophenyI) 

urea as a colorless solid, m.p. 215-216.5''C, [a]D +76.2** (c=0.261, 
CHCI3). 

dH (CDCI3) 8.10 (IH, d. J 9.0 Hz). 7.65-6.95 (13H. m), 5.50 (IH, d, J 
9.0 Hz), and 3.50 (3H, s). 
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Anal. Calcd. for C23H18CI2N4O2.O.3H2O: 

C. 60.22; H, 4.09; N, 12.21. 
Found: C, 60.28; H, 3.89; N, 12.10%. 



EXAMPLE 59 




(-)-3-Cyclohexyl-N-[(3R)-2,3-dihydro- 1 -methyl-2-oxo-4-oxido-5- 

phenvl-1 H- 1 .4-benzodiazepin-3-vnpropanamide 

3-Chloroperoxybenzoic acid (80%, 0.32 g, 1.5 mmol) was 
added to a solution of (+)-3-cyclohexyl-N-I(3R)-2,3-dihydro-l-methyl- 
2-oxo-5-phenyl-lH-l,4-benzodiazepin-3-yl]propanamide (0.60 g, 1.5 
mmol) in dichloromethane (25 mL) and the mixnire was stirred at room 
tempera- 
ture for 18 h. Further 3-chloroperoxybenzoic acid (80%, 0.1 g, 0.5 
mmol) was added and the mixture was stirred for 24 h. The mixture 
was washed with saturated aqueous sodium hydrogen carbonate (4 x 25 
mL), water (2 x 25 mL) and brine (25 mL). dried (MgS04) and the 
solvent was evaporated under reduced pres.sure. The residue was 
recrystallized from toluene/hexane (65:35) to give (-)-3-cyclohexyl-N- 
[(3R)-2,3-dihydro- 1 -methyl-2-oxo-4-oxido-5-phenyl-l H-1 ,4- 
benzodiazepin-3-yl]propanamide 

as colorless prisms, m.p. 222-224°C. falD -80.7" (c=1.15, CHCI3). 
dH (CDCI3) 7.71-7.23 (lOH, m), 6.01 (IH, d. J 9.3 Hz), 3..54 (3H, s). 
2.48 (2H, m). and 1 .76-0.89 (1 3H, m). 
Anal. Calcd. for C25H29N3O3.O.5H2O: 
C, 70.06; H, 7.06; N, 9.81. 
Found: C, 70.10; H, 6.80; N, 9.79%. 
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EXAMPLE 00 



N-f 2,3-Dihydro- 1 -(2-dimethy laminoethy I)-2-oxo-5-pheny I- 1 H- 1 A- 

i)gn?Q(ji^zgpin-3-Yn-3-(2,4-dichloropiTgnyl)prQpanamii(ie 

St^pA: 



CH3x^ /CH3 




2,3-Dihydro- 1 -(2-dimethylaminoethyl)-5-phenyl- 1 H- 1 ,4-beiizodiazepin- 

2-one 

2,3-Dihydro-5-phenyM H-1 ,4-benzodia2epin-2-one 
(1.00 g, 4.23 mmol) was added to hexane washed sodium hydride 
(60% dispersion in mineral oil, 186 mg, 4.65 mmol) in DMF (5 mL). 
Further DMF (10 mL) was added and the mixture was stirred at room 
temperature. 2-(Dimethylamino)ethyl chloride hydrochloride (0.73 5 
mmol) was added to hexane washed sodium hydride (60% dispersion in 
mineral oil, 200 mg, 5.0 mmol) in DMF (5 mL) and the mixtures were 
combined. Potassium iodide (1 crystal) was added and the mixture was 
stirred at 1 lO'^C for 30 min. The solvent was evaporated under reduced 
pressure, water was added and the mixture was extracted with ethyl 
acetate. The combined organic fractions were washed with water (2 x), 
dried (MgS04) and the solvent was evaporated under reduced pressure 
to give 23-dihydro-l-(2-dimethylaminoethyl)-5-phenyMH-l,4- 
benzodia2epin-2-one (1.21 g, 93%). 
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dH (CDCI3) 7.63-7.16 (9H. m), 4.77 (IH, d, J 10.6 Hz), 4.41 (IH. m), 
3.80 (IH, m), 3.78 (IH, d, J 10.6 Hz), 2.49 (2H, m), i»nd 2.13 (6H, s). 

StepB : 




2.3- Dihydro-l-(2-dimethylaminoethyl)-3-hydroxyiinino-.'>-phenyl-lH- 

1 .4- benzodiazepin-2-one 

2,3-Dihydro-l -(2-diiiiethylaminoethyl)-5 phenyl- 1 H-1 ,4- 
benzodiazepin-2-one (1.21 g, 3.9 mmol) was dissolved in toluene (20 
mL). The mixture was cooled to -78 °C and potassium t-butoxide 
(l.OM solution in r-butanol, 4.72 mL, 4.72 mmol) was added. The 
mixmre was stirred at -78 °C for 20 min., then isoamyl nitrite (0.63 
mL, 0.55 g, 4.72 mmol) was added. The mixture was stirred at -78°C 
for 90 min. then allowed to warm to room temperature and poured into 
aqueous citric acid (IM. 10 mL). The pH was adjusted to 5.0 with 
aqueous sodium hydroxide then to 7.0 with saturated aqueous sodium 
hydrogen carbonate. The mixture was extracted with ethyl acetate (50 
mL) and the organic layer was aged at room temperature. The solid 
which formed was collected and dried in vacuo to give 2,3-dihydro-l- 
(2-dimethyIaminoethyl).3-hydroxyimino-5-phenyl-l H-1 ,4- 
benzodiazepin-2-one (0.876 g, 66%) as a solid, m.p. 232-234''C. 
dH (d6-DMS0) 10.90 (IH. s). 7.72-7.25 (9H, m), 4.40 (IH, m), 3.80 
(IH, m), 2..50 (2H. m), and 1.85 (6H, s). 



wo 97/49690 



PCT/US97/10561 



-83- 

StgpC: 




3-Amino-2,3-dihydro-l -(2-dimethylaminc)ethyl)-5-phenyI-lH-l ,4- 

benzodiazepin-2-one 

Ethyl isocyanate (320 mL, 287 mg, 4.0 mmol) was added 
to a mixture of 2,3-dihydro-l-(2-dimethylaminoethyl)-3-hydroxyimino- 
5-phenyI-lH-l,4-benzodiazepin-2-one (0.91 g, 2.7 mmol) and triethyl- 
amine (0.56 mL, 0.41 g, 4.0 mmol) in THF (30 mL). The mixture was 
heated under reflux for 7 h., further ethyl isocyanate (167 mL, 150 mg, 
2.1 mmol) was added and the mixture was heated under reflux for 12 h. 
The mixture was cooled, the solvent was evaporated under reduced 
pressure and ethyl acetate (75 mL) and water (25 mL; were added. The 
organic phase was washed with water (4 x 25 mL), dried (MgS04) and 
evaporated under reduced pressure. The residue was dissolved in 
ethanol (100 mL), palladium on carbon (10%, 100 mg) was added and 
the mixture was shaken under hydrogen (50 p.s.i.) for 4.5 h. Further 
palladium on carbon (10%, 100 mg) was added and the mixture was 
shaken under hydrogen (50 p.s.i.) for 1.5 h. The mixture was filtered 
and the solvent was evaporated under reduced pressure. The residue 
was purified by flash column chromatography on silica gel, eluting with 
CH2Cl2/MeOH to give 3-amino-2,3-dihydro-l-(2-dimethylaminoethyl)- 
5-phenyMH-l,4-benzodiazepin-2-one (180 mg, 17%). 
dH (CDC13) 7.75-7.17 (9H, m), 4.45 (IH, s), 4.40 (IH, m), 3.82 (IH, 
m), 2.47 (4H, m). and 2.08 (6H, s). 
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N-[2,3-Dihydro- 1 -(2-dimethylaminoethyl)-2-oxo-5-phenyl- 1 H- 1 .4- 

benzodiazepin-3-vn-3- f2.4-dichlorophenvnpropanamide 

Triethylamine was added to a mixture of 3-amino-2,3- 
dihydro- 1 -(2-dimethylaininoethyI)-5-phenyl- 1 H- 1 ,4-benzodia2epin-2- 
one (180 mg, 0.6 imnol), 3-(2,4-dichlorophenyl)propanoic acid (131 
mg, 0.6 mmol), l-(3-dimethylaininopropyl)-3-ethylcarbodiiinide 
hydrochloride (115 mg, 0.6 mmol) and 1 -hydroxybenzotriazole (81 mg, 
0.6 rmnol) in DMF (15 mL) until the pH was 9.0. The mixture was 
stirred at room temperature for 72 h. The solvent was evaporated 
under reduced pressure and ethyl acetate was added. The mixture was 
was washed with water, saturated aqueous sodium hydrogen carbonate 
and water, dried (MgS04) and evaporated under reduced pressure. The 
residue was triturated with acetone and recrystailized from i- 
PrOH/MeOH to give N-[2,3-dihydro-l-(2-dimethylaminoethyl)-2-oxo-5- 
phenyl- 1 H- 1 ,4-benzodiazepin-3-y I]-3-(2,4-dichlorophenyl)-propanamide 
as a solid, m.p. 1 99-20 rc. 

dH (CDC13) 7.60-7.15 (13H, m), 5.50 (IH, d, J 8.0 Hz), 4.40 (IH, m). 
3.80 (IH, m), 3.10 (2H, t, J 7.5 Hz), 2.70 (2H, t. J 7.5 Hz), 2.40 (2H, 
m), and 2.05 (6H, s). 
Anal. Calcd. for C28H28CI2N4O2: 

C, 64.25; H, 5..39: N. 10.70. 
Found: C, 64.23; H. 5.40; N, 10.61%. 
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F.XAMPLE61 




(+)-3(R)-{N-t3-(4-chlorophenyl)prop-l-en-3-ynamino}-l,3-dihydro- 

l-methvl-5-ph envl-2H-l ■4-ben2odiazeDin-2-one hydrochloride 

A mixture of 3(R)-amino-l,3-dihydro-l-methyl-5-phenyl- 
2H-l,4.benzodiazepin-2-one fJ. Org. Chem . 1987. 52, 3232-3239) (265 
mg, 1 mmol), £-l-chloro-4-(3-chloro-l-pr6penyl)benzene (281 mg, 1.5 
mmol), potassium carbonate (276 mg, 2 mmol) and potassium iodide 
(25 mg, 0.15 mmol) in acetonitrile (2 mL) was heated under reflux for 
4 h. The mixnire was cooled and poured into ethyl acetate (10 mL) and 
water (5 mL). The layers were separated and the aqueous layer was 
extracted with ethyl acetate (5 mL). The combined organic fractions 
were washed with brine, dried (Na2S04) and the solvent was evaporated 
under reduced pre.ssure. The residue wa.s purified by flash column 
chroma-tography on silica gel, eluting with EtOAc/Hexane (65:35 
increasing to 100:0). The first compound to elute was suspended in 
ethanol (1 mL) and ethanolic HCl (6 M, 0.1 1 mL) was added. The 
mixture was stirred, then the solvent was evaporated under reduced 
pressure. The residue was triturated with ether and the solid was 
collected and dried in vacuo to give (+)-3(R)-{N,N-bisll-(4- 
chlorophenyl)propen-3-yl]amino}-1.3-dihydro-l-methyl-5-phenyl-2H- 
1 ,4-benzodiazepin-2-one hydrochloride (235 mg, 39%) as a tan solid, 
m.p. 138-145°C, 10)0+9.2" (c=0..500, MeOH). 



WO97/4M90 



PCT/US97/10561 



-86- 

dH (d6-DMS0) 1 1.2 (IH. br s), 7.77-7.31 (17H. m), 6.85 (2H, br m), 
6.54 (2H, m). 5.20 (IH, br s), 4.60-4.00 (4H, m), and 3.46 (3H, s). 
Anal. Calcd. for C34H29CI2N3O.HCI.O. lOEtOH: 

C, 67.60; H, 5.08; N, 6.92. 
Found; C, 67.60; H. 5.03; N, 7.03%. 

The second compound to elute was .su.spended in ethanol 
(0.5 mL) and ethanolic HCl (6 M, 0.035 mL) was added. The mixture 
was stirred, then the solvent was evaporated under reduced pressure. 
The residue was triturated with ether and the solid was collected and 
dried in vacuo to give (+)-3(R)-(N.|3-(4-chlorophenyl)propen-3- 
yl]amino )-l ,3-dihydro- 1 -methyl-5-phenyI-2H-l ,4-benzodiazepin-2-one 
hydro-chloride (56 mg, 12%) as a yellow soHd, m.p. 156-162°C, |a]D 
+35° (c=0.100, MeOH). 

dH (d6-DMS0) 10.3 (IH, br s), 10.0 (IH, br s). 7.79-7.34 (J3H, m), 
6.78 (IH. d, J 15.9 Hz), 6.40 (IH, dt, Jd 15.9, Jt 9.0 Hz), 5.13 (IH, s), 
4.00 C2H, m). and 3.46 (3H, s). 

Anal. Calcd. for C25H22ClN3O.HC1.0.10EtOH.0.40H2O: 

C. 65.20; H. 5.30; N. 9.05. 
Found: C. 65. 14; H. 5.09; N. 9.33%. 

Employing the procedure substantially as described above, 
but substituting l-(2-bromoethoxy)-4-nitrobenzene or 4-chlorobenzene- 
propanol methanesulfonate for the E-l-chloro-4-(3-chloro-l-propenyl). 
benzene, the following compounds were prepared: 
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EXAMPLE 62 




NO2 



(+)-3(S)- { N,N-Bisf 2-(4-nitrophenoxy)ethyl]amino 1 -1 ,3-dihydro- 
l -inethyl-5-phenyl-2H- 1 ,4-benzodiazepin-2-one hydrochloride 

m.p. I26.145^C fotl£]. ■^WfO■100■ CHCM. 

dH (d6-DMS0) 8.20 (4H. d. J 9.2 Hz), 7.75-7.36 (9H, m), 7.08 (4H, d. J 
9.2 Hz). 4.90 (IH, br s). 4.50 (4H. br .s). 4.30-3.60 (5H, br m), and 3.34 
(3H. s). 

Anal. Calcd. for C32H29N5O7.HCI.0.15EtOH: 

C. 60.71; H, 4.87; N, 10.96. 
Found: C, 60.70; H. 4.87; N, 10.70%. 

EXAMPLE 63 
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(+)-3(R)- { N-[3-(4-Nitrophenoxy )ethyI]amino } - 1 ,3-dihydro- 1 -methyl- 

5-phenvl-2H-l ■4-benzo diazepin-2-one hydrochloride 

m.p. 154-I60''C, [a]D +84.6''(0.500, MeOH). 

dH (d6-DMS0) 10.2 (IH, br s), 8.25 (2H, d. J 9.0 Hz), 7.83-7.41 (9H, 

m). 7.09 (2H, d, J 9.0 Hz), 5.21 (IH, .s). 4.57 (2H, m), 3.70 (2H, m), 

3.47 (3H,s), and 3.40 ( I H, m). 

Anal. Calcd. for C24H22N4O4.HCI.0.I5EtOH.0.20H2O: 

C. 61.13; H, 5.13: N, 11.74. 
Found: C 61.12; H. 4.92; N, 1 1.64%. 



(+)-3(R)- { N-|3-(4-Chlorophenyl)prop- 1 -yrjamino } -1 ,3-dihydro- 1 - 

methvl-5- phenvl-2H-1.4-ben2odia7ep in-2-one hydrochloride 

m.p. 167-168T. (alD +20.8° (c=0.500, MeOH). 

dH (d6-DMS0) 9.9 (2H, br m). 7.78-7.26 (13H, m), 5.08 (IH, s). 3.45 

(3H, s), 3.20 (IH. m), 3.00 (IH, m). 2.70 (2H. t, J 7.4 Hz), and 2.05 

(2H, m). 

Anal. Calcd. for C25H24CIN3O.HCI: 

C. 66.08; H. 5.55; N, 9.25. 
Found: C, 65.8 1 ; H, 5.49; N. 9.30%. 



EXAMPLE 64 
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EXAMPLE 65 




(+)-Phenylmethyl N-I(3R)-2,3-dihydro- 1 -methyl -5-phenyI-2-thioxo- 

1 H-1 .4-benzodiazepin.3.vncaAaniate 

A mixture of (+)-phenylinethyl N-[(3R)-2,3-dihydro-l- 
methyl-5-phenyl-2-oxo-lH-l,4-benzodiazepin-3-yl]carbamate (4.0 g, 10 
mmol) and 2,4-bis(4-inethoxyphenyI)-l 3-dithia-2,4-!Jiphosphetane-2,4- 
disulfide (4.5 g, 1 1 mmol) in toluene (100 mL) was heated under reflux 
for 75 min. The mixture was cooled and the volume was reduced to 30 
mL by evaporation under reduced pressure. The residue was purified 
by flash column chromatography on silica gel, eluting with 
EtOAc/Hexane (75:25) to give (+)-phenylmethyl N-l(3R)-2,3-dihydro- 
1 -methyI-5-phenyl-2-thioxo- 1 H- 1 ,4-benzodiazepin-3-y I Jcarbamate as a 
solid. m.p. 128-1 3 PC. [ajD +22.5° (c=0.656, CHCI3). 
dH (CDCI3) 7.65-7.26 (15H, m), 5.50 (IH, d. J 8.8 Hz), 5.14 (2H, s), 
and 3.86 (3H, s). 

Anal. Calcd. for C24H21N3O2S.O.25H2O: 

C, 68.63; H,5.16; N, 10.01. 
Found: C, 68.28; H, 5.21; N, 10.06%. 

Employing the procedure substantially as described above, 
but substituting phenylmethyl N-[2.3-dihydro-5-phenyl-2-oxo-lH-l,4- 
benzodiazepin-3-yI]carbamate for the (+)-phenylmethyl N-[(3R)-2,3- 
dihydro- 1 -methyl-5-pheny i-2-oxo- 1 H- 1 ,4-benzodiazepin- 
3-y]]carbamate, the following compound was prepared: 
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H 
N 



Phenylmethy I N-[2,3-dihydro-5-pheny 1-2-thioxo- 1 H- 1 ,4-benzodiazepin- 
3.vl1carfeamate ■ 

dH (d6-DMS0) 10.85 (IH. s), 8.42 (IH. d, J 8.6 Hz), 7.65-7.10 (i4H. 

m), 5.10 (2H. s), and 5.05 (IH. d, J 8.6 Hz). 



3-Cyclohexy)-N-(2,3-dihydro- 1 -methyI-5-pheny I-2-thioxo- 1 H- 1 ,4- 
benzodia2eDin-3.vnpropanamide 

Hydrogen bromide wa.s bubbled at room temperature 
through a solution of (+)-phenylmethyl N-f(3R)-2,3-dihydro-I-methyl- 
5-pheny)-2-thioxo-lH-l,4-benzodia2epin-3-yl]carbamate (0.9 g, 2.1 
mmol), acetic acid (5 mL) and dichloromethane (5 mL). After 2 h.. the 
solvent was evaporated under reduced pressure, ether was added and the 



EXAMPLE 67 
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solid was collected and dried in vacuo . A sample (0.58 g, 1.8 mmol) 
was suspended in THF (10 mL), triethylamine (0.24 mL, 0.18 g, 1.8 
mmol) was added and the mixture was stirred at room temperature for 
3 h. In a separate flask, oxalyl chloride (0.20 mL, 0,29 g, 23 mmol) 
was added to a solution of cyclohexanepropionic acid (0.33 mL, 0.30 g, 
1.9 mmol) and DMF (1 drop) in THF (10 mL) and the mixture was 
stirred at room temperature for 3 h. The two mixtures were combined, 
triethylamine (0.32 mL, 0-23 g, 2.3 mmol) was added and the mixture 
was stirred at room temperature for 2.5 h. The solvent was evaporated 
under reduced pressure, water was added and the mixnire was extracted 
with ethyl acetate. The combined organic fractions were washed with 
water, saturated aqueous sodium hydrogen carbonate, water (2 x) and 
brine, dried (Na2S04) and the solvent was evaporated under reduced 
pressure. The residue was purified by flash column chromatography on 
silica gel, eluting with CH2Cl2/MeOH (99.5:0.5) and the residue was 
recrystallized from EtOAc/Hexane to give 3-cyclohexyl-N-(2,3- 
dihydro-1 -methyl-5-phenyl-2-thioxo- 1 H- 1 ,4-benzodiazepin-3- 
yOpropanamide as a soHd, m.p. 2 19-22 PC. 

dH (CDCI3) 7.95 (IH, br d, J 8.6 Hz), 7.65-7.30 (9H, m), 5.72 (IH, d, J 
8.6 Hz), 3.87 (3H, s), 2.41 (2H, t, J 7.6 Hz), and 1.80-0.85 (13H, m). 
Anal. Calcd. for C25H29N3OS.0.25H2O: 

C, 70.81; H, 7.01; N. 9.91. 
Found: C, 70.80; H, 6.91; N, 9.95%. 

Employing the procedure substantially as described above, 
but substituting phenylmethyl N-[2,3-dihydro-5-phenyl-2-thioxo-lH- 
l,4-benzodiazepin-3-yl]carbamate for the (+)-phenylmethyl N-[(3R)- 
2,3-dihydro- 1 -methyl-5-phenyl.2-thioxo- 1 H- 1 ,4-benzodiazepin-3- 
yljcarbamate and an appropriate acid for the cyclohexanepropionic acid, 
the following compounds were prepared: 
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EXAMPLE 6R 




NH 



O 



3-Cyclohexyl-N-(2,3-dihydro-5-phenyl-2-thioxo- 1 H- 1 ,4-benzodiazepin- 

3-vl)propanamide 

m.p. 113-n9"C. 

dH (CDC13) 9.8 (IH. br s), 7.75-7.25 (lOH, m), 5.75 (IH. d, J 8.1 Hz). 
2.41 (2H, m), and 1.80-0.85 (13H, m). 
Anal. Calcd. for C24H27N3OS.O.8CH2CI2: 

C, 62.91; H. 6.09; N, 8.87. 
Found: C, 62.88; H, 5.70; N, 9.1 2%. 



3-Cyclohexyl-N-(2,3-dihydro-2-hydrdZono-5-phenyl-lH-l,4- 
benzodiaz eDin-3vnpropanaTnide 

Hydrazine (53 mL, 56 mg, 1 .8 mmol) was added to a 

solution of 3-cyclohexyl-N-(2,3-dihydro-l -niethyl-5-phenyl-2-thioxo- 



EX AMPLE 69 
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lH-l,4-benzodia2epin-3-yl)propanamide (120 mg, 0.25 mmol) in 
methanol (3 mL). The mixture was stirred at room temperature for 3 
h. and the solvent was evaporated under reduced pressure. Ethyl acetate 
was added and the mixture was washed with water ah J brine, dried 
(Na2S04) and the solvent was evaporated under reduced pressure. The 
residue was purified by flash colunui chromatography on silica gel, 
eluting with CH2Cl2/MeOH (99.5:0.5 increasing to 98:2) to give 3- 
cyclohexyl-N-(2,3-dihydro-2-hydrazono-5-phenyl-lH-l,4-benzodiaze- 
pin-3yl)propanamide as a foam. 

dH (CDC13) 7.55-7.00 (1 IH, m), 5.75 (IH, d, J 7.6 Hz), 3.50 (2H, br s), 

2.37 (2H, t, J 8.0 Hz), and 1.80-0.85 (I3H, m). 

Anal. Calcd. for C24H29N5O.O.8CH3OH.0. 1 5CH2CI2: 

C, 67.82; H, 7.41; N, 15.85. 
Found: C, 67.79; H, 7.46; N, 16.05%. 

EXAMPLE 70 




(E)- and (Z)-3-Cyclohexyl-N-(23-dihydro-2-hydroxyimino-5-pheny]- 

lH-L4-benzodiazepin-3-vl)propanamide 

A mixture of 3-cyclohexyl-N-(2,3-dihydro-l-methyl-5- 
phenyl-2-thioxo-lH-l,4-benzodiazepin-3-yI)propanamide (740 mg, 1.83 
mmol), hydroxylamine hydrochloride (140 mg, 2 mmol) and triethyl- 
amine f280 mL, 203 mg, 2 mmol) in methanol (15 mL)/THF (15 mL) 
was stirred at room temperature for 3 h. The solvent was evaporated 
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under reduced pressure and the residue was purified by flash column 
chroma- 
tography on silica gel, eluting with CH2Cl2/MeOH (98:2). The residue 
recrystallized from ethyl acetate. The first isomer to crystallize was 
reciystallized from ethyl acetate to give(E)-3-cyclohexyl-N-(2,3- 
dihydro-2-hydroxyimino-5-phenyl- 1 H- 1 ,4-benzodiazepin-3- 
yDpropanamide as a solid, m.p. 196''C. 

dH (d6-DMS0) 12.20 (IH. s). 9.00 (IH, d, J 8.0 Hz). 7.70-7.30 (lOH, 
m), 5.45 (IH, d, J 8.0 Hz), 2.30 (2H, m), and 1.80-0.75 (13H, m). 

The second isomer to crystallize was recrystallized from 
methanol to give (Z)-3-cyclohexyl-N-(2,3-dihydro-2-hydroxyimino-5- 
phenyl-lH-l,4-benzodia2epin-3-yI)propanamide as a solid, m.p. 219°C. 
dH (d6-DMS0) 9.95 (IH, s), 8.95 (IH, s). 8.75 (IH, d, J 8.0 Hz), 7.50- 
7.00 (9H, m), 5.70 (IH, d, J 8.0 Hz), 2.25 (2H, m), and 1 .75-0.75 
(13H, m). 

Anal. Calcd. for C24H28N4O2: 

C, 71.26; H. 6.98; N, 13.85. 
Found: C, 70.89; H, 6.99; N, 13.55%. 

EXAMPLE 71 




3-Cyclohexyl-N-(2,3-dihydro-l -methyl-5-phenyl- 1 H- 1 ,4-benzodiazepin- 
3vn propanar^iHp 

Freshly prepared Raney nickel (400 mg) was iadded to a 

solution of 3-cyclohexyl-N-(2,3-dihydro-l-methyl-5-phenyl-2-thioxo- 
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lH-l,4-benzodiazepin-3-yl)propanamide (200 mg, 0.5 mmol) in ethanol 
(20 mL) and the mixture was stirred at room temperature for 2 h. The 
mixture was filtered and the solvent was evaporated under reduced 
pressure. The residue was purified by flash column chromatography 
on silica gel, eluting with CH2Cl2/MeOH (99.75:0.25) to give 3-cyclo- 
hexy l-N-(2,3-dihydro- 1 -methyl-5-pheny I- 1 H- 1 ,4-benzodiazepin-3y 1 ) 
propanamide as a foam. 

dH (CDC13) 7.60-6.80 (9H, m), 6.37 (IH, br d. J 6.6 Hz), 5.53 (IH, m). 
3.60 (2H, m), 2.77 (3H, s). 2.21 (2H, t, J 8.0 Hz), and 1.85-0.80 
(13H. m). 

Anal. Calcd. forC25H3lN3O.0.2CH2Cl2: 

C. 74.45; H, 7.79: N, 10.34. 
Found: C, 74.68; H, 7.87; N. 10.23%. 

EXAMPLE 72 

1 -(2,3-Dihydro- 1 -methyl-2-oxo-5-phenyl- 1 H-thieno-[ 2,3-e]- 1 .4- 
diazepin-3-vlV3-f3-methvl-phenvi^urea 

Step A: 




(2- Amino-3-thien V I )Dhenvlmethanone 

Triethylamine (6.8 mL, 4.94 g, 49 mmol) wa.s added 
to a heated (33''C) mixture of b-oxobenzenepropanenitrile (18.6 g, 128 
mmol) and 1 ,2-dithiane-2,5-diol (9.8 g, 64 mmol) in ethanol (120 mL) 
and the mixture was stirred at 50C° for 18 h. The mixture was cooled 
and the solvent was evaporated under reduced pressure. 
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Dichloromethane was added, the mixture was washed with aqueous 
hydrochloric acid (0.5M), aqueous sodium hydroxide (IM) and brine, 
dried (Na2S04) and the solvent was evaporated under reduced pressure. 
The residue was recrystallized from acetonitrile (150 mL) to give (2- 
amino-3-tfiienyl)-phenylmethanone as an orange solid (5.7 g, 44%). 
dH (CDC13) 7.70-7.35 (5H, m), 6.95 (2H, br .s), 6.90 (IH, d, J 6.3 Hz), 
and 6.15 (IH, d, J 6.3 Hz). 

Step B : 




2.3-Dihvdro-5-phenvl- 1 H-thienof 2.3-e 1- 1 .4-diazepin-2-one 

A solution of l,3-dihydro-l,3-dioxo-2H-isoindole-2-acetyl 
chloride (8.6 g, 38 mmol) in dichloromethane (20 mL) was added 
slowly to a cooled (0°C) mixture of (2-amino-3-thienyl)phenyl- 
methanone (6.8 g, 33 mmol), pyridine (6.34 mL, 6.20 g, 78 mmol) and 
4-dimethyIamino-pyridine (0.79 g, 6.5 mmol) in dichloromethane (130 
mL). The mixture was stirred at 0°C for 30 min., diluted with 
dichloromethane (80 mL) and washed with aqueous hydrochloric acid 
(IM), saturated aqueous sodium hydrogen carbonate and brine. The 
mixture was dried (Na2S04) and the solvent was evaporated under 
reduced pressure. The residue was triturated with ethanol and the solid 
was collected and dried in vacuo to give N-(3-benzoylthien-2-yI)-l ,3- 
dihydro-l,3-dioxo-2H-isoindole-2-acetamide as a .solid (9.8 g, 76%). 

A mixture of N-(3-benzoylthien-2-yl)-l,3-dihydro-l,3- 
dioxo-2H-isoindole-2-acetamide (10.9 g, 28 mmol) and hydrazine (1.9 
mL, 1.94 g, 60 mmol) in THF (500 mL) was heated under Kflux for 4 
h. The mixture was cooled, filtered and the solvent was evaporated 
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under reduced pressure. Saturated aqueous sodium hydrogen carbonate 
was added and the mixture was extracted with ethyl acetate. The 
combined organic fractions were washed with brine, dried (Na2S04) 
and the solvent was evaporated under reduced pressure. Acetic acid 
(300 mL) was added and the mixture was heated under reflux for 15 
min. The mixture was cooled and the solvent was evaporated under 
reduced pressure. Saturated aqueous sodium hydrogen carbonate was 
added and the mixture was extracted with ethyl acetate. The combined 
organic fractions were washed with brine, dried (Na2S04) and the 
solvent was evaporated under reduced pressure to give 2,3-dihydro-5- 
phenyl-! H-thieno[2,3-el-U4-diazepin-2-one as a foam (3.5 g, 52%). 
dH (CDCI3) 9.75 (IH, br s), 7.90-7.30 (5H, m), 6.87 (IH, d, J 6.0 Hz), 
6.82 (IH, d, J 6.0 Hz), and 4.45 (2H, s). 



2.3-Dihvdro- 1 -methvl-5-phenvl- 1 H-thienor23-e1- 1 .4-diazepin-2-one 
Sodium hydride (60% dispersion in mineral oil, 757 mg, 
11. 3 mmol) was added to a cooled (0°C) solution of 2,3-dihydro-5- 
phenyl-lH-thieno[2,3-eJ-l,4-diazepin-2-one (2.61 g, 10.8 mmol) in 
DMF (1 mL). Further DMF (10 mL) was added and the mixture was 
stirred for 30 min. A solution of iodomethane (0.67 mL, 1.53 g, 10.8 
mmol) in ether (20 mL) was added and the mixture was .stirred for 1 h. 
The mixture was poured into water and the mixture was extracted with 
ethyl acetate. The combined organic fractions were washed with brine, 
dried (Na2S04) and evaporated under reduced pressure. The residue 



StepC : 
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was purified by flash column chromatography on silica gel, eluting with 
CH2Cl2/MeOH (95:5) to give 2,3-dihydro-I-methyl-5-phenyl-lH- 
thieno[2,3-e]-l,4-diazepin-2-one (1.5 g, 54%). 
dH (CDC13) 7.67-7.35 (5H, m), 7.00 (IH, d, J 6.0 Hz), 6.85 (IH, d, J 
6.0 Hz), 4.45 (2H. br s), and 3.50 (3H, s). 

StepP: 




3-Amino-2,3-dihydro- 1 -methyl-5-phenyl-l H-thienof2,3-eJ- 1 ,4-diazepin- 
2-one 

2.3-Dihydro-l-methyl-5-phenyl-lH-thieno|2,3-e]-l,4- 
diazepin-2-one ( 1 .5 g, 5.R mmol) was dissolved in toluene (30 mL). 
The mixture was cooled to -10°C and potassium t-butoxide (1.7 g, 15.1 
mmol) was added. The mixture was stirred at -10°C for 15 min.. then 
isoamyl nitrite (1.0 mL, 0.87 g, 7.4 mmol) was added. The mixture 
was stirred at -10°C for 1 h. then allowed to warm to room temperature 
and poured into water (50 mL) and acetic acid (3 mL). The mixture 
was extracted with ethyl acetate and the combined organic fractions 
were washed with brine, dried (Na2S04) and the solvent was evaporated 
under reduced pressure. The residue was purified by flash column 
chromatography on silica gel, eluting with EtOAc/Hexane to give 2,3- 

dihydro-l-methyI-3-hydroxyimino-5-phenyl-lH-thieno(2,3-e]-],4- 
diazepin-2-one (0.80 g, 48%). 

2,3-Dihydro-l-methyl-3-hydroxyimino-5-phenyMH-thieno 
l2,3-el-l,4.diazepin-2-one (0.80 g, 2.8 mmol) was dissolved in ethanol 
(40 mL) and Raney nickel (2 g) was added. The mixture was shaken 
under hydrogen (50 p.s.i.) for 5 days, adding further Raney nickel (10 
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g) in portions. The mixture was filtered and the solvent was evaporated 
under reduced pressure. The residue was purified by flash column 
chroma- 
tography on silica gel, eluting with CH2Cl2/MeOH to give 3-amino-2,3- 
dihydro-l -methyl-5-phenyI-lH-thieno[23-e]-l,4-dia2epin-2-one (248 
mg, 33%). 

dH (CDCI3) 7.50-7.30 (5H, m), 7.05 (IH, d, J 6.0 Hz), 6.85 (IH, d, J 
6.0 Hz), 4.57 (IH, s). 3.55 (3H, s), and L70 (2H, br s). 

Step E : 




1 -(2,3-Dihydro- 1 -methyl -2-oxo-5-phenyl- 1 H-thienol2,3-e]- 1 ,4-diazepin- 

3-YlV3-(3"mPthylph^nyi)urea \ 

3-Methylphenylisocyanate (60 mL, 62 mg, 0.46 mmol) 
was added to a solution of 3-amino-23-dihydro-l-methyl-5-phenyl-lH- 
thieno[2,3-e]-l,4-diazepin-2-one (124 mg, 0.46 mmol) in tetrahydro- 
furan (5 mL). The mixture was stirred at room temperature for 2 h. 
and the solvent was evaporated under reduced pressure. The residue 
was crystallized from EtOAc (4 mL) to give l-(2,3-dihydro-l-methyl- 
2-oxo-5-phenyl-lH-thieno[2,3-eJ-l,4-diazepin-3-yl)-3-(3-methyl- 
phenyOurea as a solid (94 mg, 50%). 
m.p. 128-I30X. 

dH (CDC13) 8.70 (IH, s), 7.65-6.75 (12H, m), 5.55 (1 H, d, J 9.0 Hz), 
3.55 (3H, s), and 2.30 (3H, s). 
Anal. Calcd. for C22H20N4O2S.O.25H2O: 
C, 64.62; H, 4.99; N, 13.70. 
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Found: C, 64.68; H, 4.96; N. 13.70%. 

EXAMPLE 7^ 




3-Cyclohexyl-N-(2,3-dihydro- 1 -meth yl-2-oxo-5-phenyl- 1 H-thienof 2,3- 

e1-1.4-dia7. epin-3-vnpropanamide 

Triethylamine (75 mL, 54 mg, 0.54 mmol) was added to a 
mixture of 3-amino-2,3-dihydro-l-methyI-5-phenyI-lH-thieno[2,3-e]- 
I,4-dia2epin-2-one (82 mg, 0.3 mmol), cyclohexanepropanoic acid (52 
mL, 47 mg, 0.3 mmol), l-(3-dimethylaminopropyl)-3- 
ethylcarbodiimide hydro- 
chloride (58 mg, 0.3 mmol) and 1 -hydroxybenzotriazole (42 mg, 0.3 
mmol) in DMF (1.5 mL). The mixture was stirred at room temperature 
for 18 h. and ethyl acetate (60 mL) was added. The mixture was 
washed with aqueous citric acid (10%), saturated aqueous sodium 
hydrogen carbonate and brine, dried (Na2S04) and the solvent was 
evaporated 

under reduced pressure. The residue was purified by flash column 
chromatography on silica gel, eluting with EtOAc/Hexane to give 3- 
cycIohexyl-N-(2,3-dihydro- 1 -methyl-2-oxo-5-phenyI- 1 H-thienof 2,3-e]- 
l,4-diazepin-3-yl)propanamide as a solid (56 mg, 46%). 
m.p. 189-190X. 

dH (CDCI3) 7.65-6.85 (8H. m), 5.65 (IH, d, J 8.0 Hz), 3.55 (3H, s), 
2.40 (2H, t, J 7.0 Hz), and 1.80-0.85 (13H, m). 
Anal. Calcd. for C23H27N3O2S.O.5H2O: 



wo 97/49690 



PCT/US97/10561 



- 101 - 

C, 66.00; H, 6.74; N, 10.04. 
Found: C, 66.25; H, 6.76; N, 9.83%. 

EXhWhB 74 




3-Cyclohexyl-N-(5-cycIohexyl-2,3-dihydro-2-oxo-lH-l,4- 

benzodiazepine 3- vH propanamide „ 

Phenylmethyl N-f5-cyclohexy]-2,3-dihydro-2-oxo-lH-l,4- 
benzodiazepin-3-yl]carbamate (150 rag, 0.38 mmol) was dissolved in 
hydrogen bromide in acetic acid (30%, 0.5 mL). After 2 h., ether was 
added and the solid was collected and dried in vacuo. THF (3 mL) and 
triethylamine (0.45 mL, 33 mg, 0.32 mmol) were added and the 
mixture was stirred at room temperature for 3 h. In a separate flask, 
oxalyl chloride (38 mL, 56 mg, 0.44 mmol) was added to a solution of 
cyclohexanepropionic acid (61 mL, 56 mg, 0.36 mmol) and DMF (1 
drop) in THF (2 mL) and the mixture was stirred al room temperature 
for 3 h. The two mixtures were combined, triethylamine (61 mL, 44 
mg, 0.44 mmol) was added and the mixture was stirred at room 
temperature for 3 h. The solvent was evaporated under reduced 
pressure and ethyl acetate was added. The mixture was washed with 
water (2 x), saturated aqueous sodium hydrogen carbonate, water and 
brine, dried (Na2S04) and the solvent was evaporated under reduced 
pressure. The residue was recrystallized from i-PrOH to give 3- 
cyclohexyl-N-(5-cyclohexyN2,3-dihydro-2-oxo-lH-K4-benzodiazepin- 
3-yl)propanamide as a solid, m.p. 133-138°C. 
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dH (CDCI3) 7.85 (IH, br s), 7.62-6.95 (5H, m), 5.40 (IH. d, J 8.7 Hz). 
2.77 (1 H, m), 2.34 (2H, m), and 2.05-0.75 (23H, m). 
Anal. Calcd. for C24H33N3O2.O.7C3H7OH: 

C, 71.64; H. 8.89; N, 9.60. 
Found: C, 71 .28; H. 8.70; N, 9.82%. 



(-)-)-N-f(3R)-7-Amino-2,3-dihydro- 1 -methyl-2-oxo-5 -phenyl- lH-1 ,4- 
benzodiazeDin-3-vll-3-(2.4-dichlQroph envnDropanamide 

Step A: 

To a mixture of 3(R)-amino-l,3-dihydro-l-methyl-5- 
phenyI-2H-l,4-benzodiazepin-2-one fJ. Ore. Chem . 1987, 52, 3232- 
3239) (3.98 

g, 15.0 mmol) in concentrated sulfuric acid (15 mL) cooled in an ice- 
bath was added dropwise a solution of potassium nitrate (2.12 g, 21.0 
mmol) in concentrated sulfuric acid (6 mL). The mixture was stirred 
with cooling for 2 h., then stirred at ambient temperature for 1.5 h. Ice 
(80 g) was added and the mixture was basified with concentrated 
ammonium hydroxide to pH 9. The resulting mixture was extracted 
with ethyl acetate (3 x 220 mL). The combined organic fractions were 
washed with brine, dried (Na2S04) and the solvent was evaporated 
under reduced pressure. The residue was purified by flash column 
chromatography on .silica gel, eluting with chloroform/methanol (97:3). 



EXAMPLE 75 
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The material which eluted was further purified by flash column 
chromatography on silica gel, eluting with ethyl acetete/methanol (95:5), 
The material which eluted was stirred under /7-butyl chloride (30 mL) 
and the solvent was evaporated under reduced pressure to give an 
inseparable mixture of 3(R)-amino-l,3-dihydro-l-methyI-7-nitro-5- 
phenyl-2H-l,4-benzodiazepin-2-one and 3(R)-amino-l,3-dihydro-l- 
methyl-7-nitro-5-(2-nitrophenyl)-2H-l ,4-benzodiazepin-2-one (3.8 1 g) 
in a 3:1 ratio as a yellow solid. 

dH (CDCI3) (mononitro compound) 8.43 (IH, dd, J 9, 3 Hz), 8.23 (IH, 
d, J 3 Hz), 7.59 (2H, m), 7.52 (2H.m), 7.44 (2H,m), 4.47 (lH,s), 3.53 
(3H,s), and 2.42 (2H, br s); (dinitro compound) 8.49 (IH, dd, J 9, 3), 
8.42 (IH, m), 8.18 (IH, d, J 3 Hz), 8.01 (IH, m), 7.67 (IH, t, J 6 Hz), 
7.6-7.4 (2H, m), 4.52 (lH,s), 3.56 (3H,s), and 2.42 (2H, br s). 

A solution of 3-(2,4-dichlorophenyl)propionic acid (482 
mg, 2.2 mmol), DMF (0.017 mL, 0.22 mmol), and thionyl chloride 
(0.24 mL, 3.3 mmol) in chloroform (2.5 mL) was heated at reflux for 1 
h. The solvent was evaporated under reduced pressure to give 3-(2,4- 
dichloro- 

phenyOpropionyl chloride (520 mg, 100%). To a solution of mixed 
3(R)-amino- 1 ,3-dihydro- 1 -methy l-7-nitro-5-pheny 1-2H- 1 ,4- 
benzodiazepin-2-one and 3(R)-amino-l,3-dihydro-l -methy l-7-nitro-5- 
(2-nitrophenyI)-2H-l,4-benzodiazepin-2-one (3:1) (621 mg, 2 mmol) 
and triethylamine (0.305 mL, 2,2 mmol) in methylene chloride (10 
mL), was added a solution of 3-(2,4-dichlorophenyl)propionyl chloride 
(520 mg, 2.2 nmiol) in methylene chloride (1.5 mL), The mixture was 
stirred for 30 min., the solvent was partially evaporated under reduced 
pressure, and the reaction mixture was purified by flash column 
chromatography on silica gel, eluting with methylene chloride/ether 
(90:10) to give a mixture of (+)-N-[f3R)-2,3.dihydro-l -methy 1-7-nitro- 
2-oxo-5-phenyl- 1 H- 1 ,4-benzodiazepin-3-yl]-3-(2,4-dichloropheny I)- 
propanamide and (+)-N-[(3R)-2,3-dihydro-l -methyl 7-nitro-2-oxo-5- 
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(2-nitrophenyI)- 1 H- 1 ,4-benzodia2epin-3-yl]-3-(2,4-dichlorophenyl)- 
propanamide (850 mg, 84%) in a 3:1 ratio as a solid white foam. 
dH (CDC13) (mononitro compound) 8.45 (IH, dd. J 9, 3 Hz), 8.25 (IH, 
d j 3 Hz), 7.54 (3H, m), 7.45 (2H, m), 7.38 (IH. d, J 2 Hz). 7.26-7.18 
(4H, m). 5.50 (IH, d, J 8 Hz), 3.52 (3H, s), 3.10 (2H, m), and 2.70 (2H. 
m); (dinitro compound) 8.51 (IH, dd. J 9. 3 Hz). 8.40 (IH. m), 8.21 
(IH, d.J 3 Hz), 7.98 (IH, m), 7.68 (IH, t, J 6 Hz), 7.60 (IH, m). 7.44 
(IH, m). 7.26-7.15 (4H. m), 5.52 (IH, d, J 8 Hz), 3.55 (3H, s), 3.10 
(2H, m), and 2.70 (2H, m). 

StepC : 

To a solution of mixed N-| (3R)-2,3-dihydro- 1 -methyl- 
7-nitro-2-oxo-5-phenyI- 1 H-1 ,4-benzodiazepin-3-yl]-3-(2,4-dichloro- 
phenyl)propanamide and (+)-N-[(3R)-2,3-dihydro-l-methyl-7-nitro-2- 
oxo-5-(2-nitrophenyl)- 1 H- 1 ,4-benzodiazepin-3-yn-3-(2,4-dichloro- 
phenyl) 

propanamide (3:1) (770 mg, 1.5 mmol) in acetic acid (6 mL) was added 
dropwise in portions over 1.5 h. a solution of 15% titanium (III) 
chloride in 20-30% hydrochloric acid (7.8 mL, 9.0 mmol). The 
resulting solution was stirred 30 min., basified with 20% sodium 
hydroxide solution (pH 9), diluted with water (80 mL) and extracted 
with ethyl acetate (3 x 100 mL). TTie combined organic fractions were 
washed with brine, dried (Na2S04) and the solvent w:is evaporated 
under reduced pressure. The residue was purified by flash column 
chromatography on silica gel, eluting with ethyl acetate/hexane (75:25 
increa.sing to 100:0). The first compound to eiute was crystallized from 
ethyl acetate to give (+)-N-f(3R)-7-amino-2,3-dihydro-l-methyl-2-oxo- 
5-phenyI-l H- 1 ,4-benzodiazepin-3-yl]-3-(2,4-dichlorophenyl)- 
propanamide (413 mg, 57%) as a pale yellow solid, m.p. 179-1 80°C, 
[a]D +60.2° (c= 0.500. CHCI3). 

dH (CDCI3) 7,60 (2H. d, J 7 Hz). 7.49-7.36 (5H, m) 7.24 (IH, d. J 9 
Hz), 7.17 (2H, m), 6.99 (IH, dd, J 9, 3 Hz), 6.64 (IH.d, J 3 Hz), 5.54 
(IH, d, J 8 Hz), 4.80-3.50 (2H, br s), 3.39 (3H, s), 3.09 (2H, t, J 8 Hz). 
and2.68(2H,dt,Jd3,Jt8Hz). 
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Anal. Calcd. for C25H22CI2N4O2: 

C, 62.38; H. 4.61; N, 11.64. 
Found: C, 62.58; H. 4.68; N, 1 1 .65%. 

The second compound to elute was crystallized from ethyl 
acetate to give (+)-N-[(3R)-7-amino-2,3-dihydro-l-methyl-2-oxo-5- 
(2-aminophenyl)- 1 H- 1 ,4-benzodiazepin-3-yl]-3-(2,4-dichloropheny 1)- 
propanamide (114 mg, 15%) as a pale yellow solid, m.p. 188-189°C, 
Ia]D +50.0° (c=0. 1 00, MeOH). 

dH (CDCI3) 7.36 (2H, m). 7.25 (IH, d, J 9 Hz), 7.15 (3H, m), 7.00 (IH, 
m), 6.88 (2H, m), 6.79 (IH. m), 6.60 (IH, bs), 5.52 (IH, d, J 8 Hz), 
4.10-2.80 (4H br .s), 3.40 (3H, m), 3.09 (2H, t, J 8 Hz), and 2.69 (2H. 
m). 

Anal. Calcd. for C25H23Cl2N5O2.0.05EtOAc: 

C, 60.43; H,4.71; N, 13.99. 
Found: C, 60.79; H, 4.74; N, 13.83%. 



(+)-N-[(3R)-2,3-Dihydro-l-methyl-2-oxo-5-phenyl-7-methane- 
sulfonamido- 1 H- 1 ,4-benzodiazepin-3-yl]-3-(2,4-dichlorophenyl)- 

propanamide 

Methanesulfonyl chloride (0.040 mL, 0.52 mmol) was 
added to a solution of (+)-N-[(3R)-7-amino-2,3-dihydro-l-methyl-2- 
oxo-5-phenyl-l H- 1 ,4-benzodiazepin-3-yl]-3-(2,4-dichlorophenyl)- 



EXAMPLE 76 
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propanamide (193 mg, 0.40 mmol) and pyridine (0.065 mL. 0.80 
mmol) in methylene chloride (1.6 mL). The resulting solution was 
stirred 2 h. The solution was diluted with ethyl acetate (12 mL), washed 
with IN HCI, water, saturated sodium bicarbonate solution, water, and 
brine (3 mL each), dried (Na2S04) and the solvent was evaporated 
under reduced pressure. The residue was dissolved in warm toluene, 
treated with charcoal, and filtered. The filtrate was diluted with hexane. 
the mixture was cooled, and the resulting precipitate was collected and 
dried in vacyp to give (+)-N-f(3R)-2.3-dihydro-l-methyl-2-oxo-5- 
phenyl-7-methanesulfonamido-lH-K4-benzodiazepin-3-yl]-3-(2,4- 
dichlorophenyOpropanamide (152 mg, 68%) 
as a white solid, m.p. 130-148*0. [a]D +11 1.6° (c=0.500, CHCI3). 
dH (CDCI3) 7.55-7.32 (9H, m), 7.24 (2H, dd, J 10, 2 Hz), 7.17 (IH, dd, 
J 9. 2 Hz). 7.05 (IH. d, J 3 Hz), 5.49 (IH, d, J 8 Hz), 3.41 (3H, s), 3.08 
(2H, t. J 8 Hz). 2.97 (3H, s). and 2.71 (2H. dt. Jd 3, Jt 8 Hz). 
Anal. Calcd. for C26H24CI2N4O4S: 

C. 55.82; H. 4.32; N. 10.01. 
Found: C, 56.1 2; H, 4.47; N, 9.89%. 



N-(2,3-Dihydro-l-methyl-2-oxo-5-phenyl-l H-pyrido|4,3-eJ-l ,4- 
diazeDin-3-vn-3-f2.4-di r.h!ornphe.nvl)propanamide hvdrochlog Hp 



EXAMPLE 77 




Step A: 



wo 97/49690 



PCT/US97/10561 



. 107 - 

To a solution of 2,3-dihydro- 1 -methyl-5-phenyM H-pyrido 
[43-e]-1.4.diazepine-2-one (L Med. Chem. . 1965, 8, 722-724) (1:63 g, 
6.5 minol) m toluene (32 mL) under argon cooled to -20^C 
(ice/methanol bath) was added potassium t-butoxide (1.83 g, 16.3 
mmol). The resulting purple suspension was stirred 15 min. at -20^C 
and isoamyl nitrite (1.05 mL, 7.8 mmol) was added. The mixture was 
stirred at -20°C for 30 min., then poured into a mixture of water (50 
mL), acetic acid (3 mL), and ethyl acetate (65 mL). The mixture was 
stirred to dissolve all solids and the layers were separated. The aqueous 
layer was extracted with ethyl acetate (65 mL). The combined organic 
fractions were washed with saturated sodium bicarbonate solution and 
brine (20 mL each), dried (Na2S04), 

and the solvent was evaporated under reduced pressure. The residue was 
triturated with cold toluene and the solid was collected and dried in 
vacuo to give 2,3-dihydro-3-hydroxyimino-l-methyN5-phenyMH- 
pyrido[4,3-e]-l,4-diazepine-2-one (1.22 g, 67%) as a yellow solid, m.p. 
223-224^C. 

dH (CDC13) 8.92 (IH, bs), 8.73 (IH, d, J 7 Hz), 8.62 (IH, s), 7.80 (2H, 
dd, J 7, 1 Hz), 7.59 (IH, m). 7.48 (2H, m), 7.26 (IH, d, J 7 Hz), and 
3.50 (3H,s). 

Step B : 

A mixture of 2,3-dihydro-3-hydroxyimino-I-methyl-5- 
phenyl-lH-pyrido[4,3-e]-l,4-diazepine-2-one (1.77 g, 6.3 mmol) and 
freshly prepared Raney nickel (3.2 g) in 1:1 ethanol/methanol (190 mL) 
was shaken on a Parr hydrogenation apparatus under hydrogen (50 psi) 
for 4 h. The mixture was filtered through filter aid and the filtrate was 
evaporated under reduced pressure. The residue was purified by flash 
column chromatography on silica gel, eluting with 
methanol/chloroform/ 

acetic acid (5:95:1 increasing to 10:90:1). The material which eluted 
was stirred under chloroform (30 mL) with potassium carbonate (0.3 g) 
and water (0.2 mL) for 5 min. The mixture was dried (Na2S04) and 
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fte solvent was evaporated under reduced pressure to give 3-amino-2,3- 
dihydro- 1 -methyl-5-phenyl- 1 H-pyrido[4,3-e]- 1 ,4-dia2epine-2-one (276 
mg, 16%), as a yellow solid, in.p. 109-1 23X. 
dH (CDC13) 8.72 (IH, d, J 6 Hz), 8.58 (IH. s), 7.61 (2H. m), 7.51 (IH. 
m), 7.43 (2H, m). 7.26 (IH, m), 4.47 (IH ,s). 3.50 (3H, s), and 2.1 
(2H, bs). 

High res. mass spectrum: Theoretical mass for C15H14N4O (M+1): 
267.124586. Measured mass (M+1): 267.123654. 

A solution of dicyclohexylcarbodiimide (87 mg, 0.42 
mmol) in methylene chloride (0.17 raL) was added to a solution of 3- 

amino-2,3-dihydro-l-methyl-5-phenyl-lH-pyridof4,3-e]-I,4-diazepine- 
2-one (93 mg, 0.35 mmol) and 3-(2,4-dichlorophenyl)propionic acid 
(83 mg, 0.38 mmol) in tetrahydrofuran (0.5 mL) under argon. The 
resulting mixture was stirred for 5 h., filtered, and the filtrate was 
evaporated under reduced pressure. The residue was purified by 
preparative plate chromatography on silica gel eluting with 
methanol/chlorofonn/acetic acid (5:95:1). The purified material was 
stirred under chloroform (5 mL) with potassium carbonate (0.1 g) and 
water (2 drops) for 5 min. The mixture was dried (Na2S04) and the 
solvent was evaporated under reduced pressure. The residue was 
suspended in ethanol (2 mL) and ethanolic HCI (6.8 M, 0.147 mL) was 
added. The mixture was stirred, the resulting precipitate was collected 
and dried in vacuo to give N-(2,3-dihydro-l-methyl-2-oxo-5.phenyl- 
1 H-pyrido[4,3-e]-l ,4-diazepin-3-yI)-3-(2.4-dichloropheny I) 
propanamide hydrochloride (32 mg, 18%) as a white solid, m.p 218- 
219X. 

dH (d6-DMS0) 9.38 (IH, d, J 8 Hz), 8.86 (IH, bs), 8.59 (IH bs), 7.79 
(IH, d, J 6 Hz), 7.56 (3H. m). 7.51 (2H. m), 7.39 (2H, m), 7.25 (IH, 
m), 7.16 (IH, m), 5.37 (IH, d, J 8 Hz), 3.44 (3H, .s) 2.94 (2H. t, J 7 Hz) 
. and 2.64 (2H, t, J 7 Hz). 
Anal. Calcd. for C24H20CI2N4O2.HCI: 
C, 57.22: H, 4.20: N. Jl.12. 
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Found: C, 56.87; H, 4. 1 8; N, 11 .09%. 




N-(2,3-Dihydro-l-methyl-2-oxo-5-phenyI-IH-pyrido|4.3-e]-l,4- 

diazepin-3-vn-3-fcvclohexvnpropanaTnide 

A solution of dicyclohexylcarbodtimide (87 mg, 0.42 
mmol) in methylene chloride (0.17 mL) was added to a solution of 3- 
amino-2,3-dihydro-l-methyl-5-phenyl-lH-pyrido(4,3-eJ-l,4-diazepine- 
2-one (93 mg, 0.35 mmol) and cyclohexanepropionic acid (0.065 mL, 
0.38 mmol) in tetrahydrofuran (0.5 mL) under argon. The resulting 
mixture was stirred for 5 h., filtered, and the filtrate was evaporated 
under reduced pressure. The residue was purified by preparative plate 
chromatography on silica gel eluting with methanol/chloroform/acetic 
acid (5:95:1). The purified material was stirred under chloroform (5 
mL) with potassium carbonate (0.1 g) and water (2 drops) for 5 min. 
The mixttire was dried (Na2S04) and the solvent was evaporated under 
reduced pressure. The residue was crystallized from toluene to give N- 
(2,3-dihydro-l -methyl-2-oxo-5-phenyl-l H-pyrido(4,3-e]-l ,4-diazepin-3- 
yl)-3-(cyclohexyl)-propanamide (47 mg, 33%) as a white crystalline 
solid, m.p. 170-I73''C. 

dH (CDC13) 8.75 (IH. d, J 6 Hz). 8.61 (IH, s), 7.58 (2H, m), 7.52 (IH, 
m). 7.45 (2H, m), 7.31 (IH, d, J 6 Hz). 7.21 (IH. d, J 8 Hz), 5.54 (IH, 
d, J 8 Hz), 3.51 (3H, s), 2.39 (2H, m), 1.73 (4H. m), 1.63 (3H, m). 1.85- 
1.12 (4H, m), and 0.94 (2H, m). 
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Anal. Calcd. for C24H28N4O2.0.10PhCH3: 

C, 71.70; H, 7.02; N, 13.54. 
Found: C, 71 .78; H, 7.01 ; N. 1 3.57%. 

Employing the procedure substantially as (tescribed above, 
but substituting 3-(4-trifIuoromethylphenyl)-propionic acid for the 
cyclohexanepropionic acid, the following compound was prepared: 



N-(2,3-Dihydro-l-methyl-2.oxo-5-pheny)-lH-pyrido(4,3-e|-l,4- 

diazepin-3-vn-3-f4-trifluoromethvlphenyl)propanamide 

m.p. 191-192°C 

dH (CDC13) 8.76 (IH. d, J 6 Hz), 8.61 (IH. s), 7.56 (4H. m), 7.52 (IH, 
m). 7,42 (2H, d, J 7 Hz). 7.38 (2H, m), 7.30 (IH, d, J 6 Hz), 7.22 (IH, 
d, J 8 Hz), 5.51 (IH. d, J 8 Hz), 3.50 (3H, s), 3.09 (2H, t, J 8 Hz), and 
2.73 (2H, t, J 8 Hz). 

Anal. Calcd. for C25H2lF3N4O2.0.20PhCH3: 

C, 65.39; H, 4.70; N, 11.56. 
Found: C. 65.69; H, 4.64; N. 1 1 .95%. 



EXAMPLE 79 




CH 



wo 97/49690 



PCT/US97/10561 



" 111 - 

EXAMPLE 80 




N-(2,3-Dihydro- 1 -methyl -2-oxo-5-phenyl- 1 H-pyridof 3,4-el- 1 ,4- 
diazepin-3-vlV3-f2>4-dichlQrophenvn prQpanamide 

Step A : 

To a solution of 2,3-dihydro-l-methyl-5-phenyMH- 
pyrido[3,4-e]-l,4-dia2epine-2-one (Can. J. Chem , 1987, 65, 1158-1161) 
(1.43 g, 5,7mmol) in toluene (28 mL) under argon cooled to -20°C 
(ice/methanol bath) was added potassium t-butoxide (1.59 g, 14.2 
mmol). The resulting purple suspension was stirred 15 min. at -20 
and isoamyl nitrite (0,92 mL, 6.8 mmol) was added. The mixture was 
stirred at -20°C for 30 min., then poured into a mixture of water (25 
mL), acetic acid (2.5 mL), and ethyl acetate (55 mL). The mixture was 
stirred to dissolve all solids and the layers were separated. The aqueous 
layer was extracted with ethyl acetate (2 x 55 mL). The combined 
organic fractions were washed with saturated sodium bicarbonate 
solution and brine (20 mL each), dried (Na2S04), and the solvent was 
evaporated under reduced pressure. The residue was triturated with 
hexane and the solid was collected and dried 

in vacuo to give 2,3-dihydro-3-hydroxyimino-l-methyl-5-phenyMH- 
pyrido(3,4-e]-l,4-diazepine-2-one (1.60 g, 100%) as a tan foam. 
dH (CDCI3) 8.77 (IH, s), 8.50 (I H, d, J 4 Hz), 7.81 (2H, dd, J 8, 1 Hz), 
7.60 (IH, m), 7.49 (3H, m), 7.32 (IH, d, J 5 Hz), and 3.55 (3H,s). 
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StepB : 

A solution of stannous chloride dihydrate (3.72 g, 16.5 
nunol) in concentrated hydrochloric acid (11 mL) was added dropwise 
to 2,3-dihydro-3-hydroxyimino- 1 -methyl-5-phenyl- 1 H-pyrido[3,4-e]- 
l,4-diazepine-2-one (1.54 g, 5.5 mmol) cooled in an ice bath. The 
resulting solution was stirred at ambient temperature for 3 h. The 
solution was diluted with water (20mL), basified with concentrated 
ammonium hydroxide (18 mL), and extracted with ether (4 x 75 mL). 
The combined organic fractions were washed with brine (30 mL), dried 
(Na2S04), and the solvent was evaporated under reduced pressure. The 
residue was purified by flash column chromatography on silica gel, 
eluting with methanol/diloroform/acetic acid (5:95: 1 increasing to 
10:90:1). The material which eluted was stirred under chloroform (20 
mL) with potassium carbonate (0.3 g) and water (2 drops) for 5 min. 
The mixture was dried (Na2S04) and the solvent was evaporated under 
reduced pressure. The residue was stirred under hexane, and the 
resulting solid was collected to give 3-amino-2,3-dihydro-l-methyl-5- 
phenyl-IH-pyridol3,4-eJ-l,4-diazepine-2-one (241 mg, 16%) as a yellow 
solid, m.p. 94-1 18°C. 

dH (CDC13) 8.79 (IH, s). 8.48 (IH. d, J 5 Hz). 7.62 (2H. dd, J 8, I Hz), 
7.51 (IH. m). 7.45 (2H, m). 7.24 (IH, dd, J 5, 1 Hz), 4.47 (IH ,s), 3.55 
(3H, s), and 2.2 (2H, bs). 
Anal. Calcd. for Cl 5H 1 4N4O.0.25(C2H5)2O: 

C, 67.46; H, 5.84; N, 19.67. 
Found: C. 67.28; H, 5.66; N, 19.53%. 
High res. mass .spectnun: Theoretical mass for C15H14N4O (M+1): 
267.124586. Mea.sured mass (M+1): 267.123093. 

Stgp C: 

A .solution of oxalyl chloride (0.023 mL, 0.26 mmol) in 
methylene chloride (0.2 mL) was added dropwi.se to a solution of 3- 
(2,4-dichlorophenyl)propionic acid (48 mg, 0.22 mmol) and DMF (1 
drop) in methylene chloride (0.5 mL) cooled in an ice-bath. The 
resulting solution was stirred 1 h. with cooling. The .solvent was 
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evaporated under reduced pressure to give 3-(2,4-dichlorophenyl)- 
propionyl chloride (52 mg, 100%). To a solution ol <-amino-2,3- 
dihydra-l-methyl-5-phenyl-lH-pyrido[3.4-eJ-l,4-diazepine-2-one (53 
mg, 0.20 mmol) and pyridine (0.021 mL, 0.22 mmol) in methylene 
chloride (3 mL), was added a solution of 3-(2,4-dichlorophenyl)- 
propionyl chloride (52 mg, 0.22 mmol) in methylene chloride (0.5 mL). 
The mixture was stirred for 1 h.. the solvent was partially evaporated 
under reduced pressure, and the reaction mixture was purified by flash 
column chromatography on silica gel. eluting with methanol/ether (5:95 
increasing to 7.5:92.5). The material which eluted was crystallized 
from toluene/hexane to give N-(2,3-dihydro-l-methyl- 
2-oxo-5-phenyl-lH-pyrido[3,4-eJ-l,4-diazepin-3-yl)-3-(2,4-dichloro- 
phenyOpropanamide (38 mg, 38%) as a white crystalline solid, m.p. 
220-22rC. 

dH (CDC13) 8.81 (IH, s), 8.52 (IH, d, J 5 Hz). 7.56 (2H, dd, J 7, 2 Hz), 
7.51 (IH, m), 7.44 (2H, d, J 6 Hz), 7.40 (IH, m), 7.27 (2H. m), 7,18 
(2H, dd. J 8, 2 Hz), 5.48 (IH ,d, J 8 Hz), 3.55 (3H, s;. 3.10 (2H, t. J 7 
Hz), and 2.71 (2H, dt, Jd 2 Jt 8 Hz). 
Anal. Calcd. for C24H20Cl2N4O2.0.25PhCH3: 

C. 63.06; H. 4.52; N, 11.43. 
Found: C, 63.03; H, 4.48; N, 1 1 .25%. 



wo 97/49690 



PCT/US97/10561 



- 114- 

EXAMPLERl 

N-{2,3-Dihydro-l -methyl-2-oxo-5-isopropyl-lH-l ,4-beiizodiazepin-3- 
vn-3-(2.4-dichloroDhenvl)propanamide 

Step A : 




To a solution of the benzodiazepine (i.O g, 5.3 mmol) in 
THF (20 mL) at -78°C under argon was added 60% (NaH, 2.52 g, 6.3 
mmol) Boc anhydride (1.27 g, 5.8 mmol) and the mixture stirred at 
-78°C for 1/2 hour. The reaction was then allowed to warm to 25°C 
and stirred for 2 hours before quenching into cold aq. NH4CI (10%) 
and extracting 

the product into ethyl acetate (3x50 mL). Concentration of the dried 
(Na2S04) extracts gave an oil which was pa.ssed through silica 
(EtOAc/hexane) to give 1.35 g product (89%). 
iH NMR (CDCI3) d: 1.60 (s. 9H). 3.40 (s, 3H). 3.95 (brd, IH), 4.80 
(brd. IH). 7.20 (d. IH). 7.30 (q. IH), 7.60 (t, IH). 7.92 (d, IH). 
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To a solution of the BOC-benzodiazepine (4.0 g, 13-8 
mmol) in THF (80 mL) under argon was rapidly added a solution of 
isopropyl- 

magnesium chloride (2.0 M) in THF (7.66 mL, 15.3 mmol). The 
reaction was stirred for 1/2 hour, quenched into aq NH4CI (50 mL), and 
extracted with ethyl acetate (2x200 mL). The organic extracts were 
concentrated and chromatographed on sihca (1:1, EtOAC/hexane) to 
give 1.55 g (34%) of product. 

iH NMR (CDCI3) d: L14 (d, 3H), 1.19 (d, 3H), 1,40 (s, 9H), 3.13 (s. 
3H), 3.2-3.8 (m, 3H), 5.45 (brs, IH), 7.28 (dt, IH), 7.48 (dt. IH), 7.56 
(dt, lH),7.72(dd, IH). 

StepC: 




To a O^'C solution of the isopropylphenone (L55 g) in ethyl 
acetate was added anhydrous HCl gas over 90 min. The reaction was 
then concentrated in vacuo to give a solid which was dissolved in H2O 
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(40 mL) and the pH adjusted to 1 1.0 with IN LiOH. After 30 min. at 
pH = 11.0 

the pH was adjusted to 7.0 with IN HCl and product extracted into ethyl 
acetate. The organic extracts were dried (Na2S04). filtered and 
concentrated to give a solid 1.22 g, 100%. 

NMR (CDC13) d: 0.95 (d, 3H), 1.30 (d, 3H), 3.16 (septet, IH), 3.36 
(s. 3H), 3.60 (d, IH), 4.60 (d, IH), 7.2-7.3 (m, 2H). 7.45-7.55 (m, 2H). 

StepD: 

The benzodiazepine obtained in Step C was converted to the 
oxime as described in Example 80 Step A. 

Step E : 

The oxime (2 gms) was dissolved in acetic acid (150 mL) 
and 10% Pd/C (1 gm) added. The mixture was stinted rapidly under an 
atmosphere of hydrogen for 90 min or until complete by HPLC. The 
reaction was filtered, the catalyst washed with methylene chloride (200 
mL) and the filtrates concentrated in vacuo to an oil. The oil was 
dissolved in sanirated aqueous sodium bicarbonate (100 mL) and 
product extracted with ethyl acetate (3 x 150 mLs). Concentration of 
the dried (Na2S04) extracts gave 2.60 gms (97%). 

StepF : 

The anine was coupled with 3-(2,4-dichlorophenyl)- 
propionic acid as described in Example 43 to yield N-(2,3-dihydro-l- 
methyl-2-oxo-5-isopropyI- 1 H-1 ,4-benzodiazepin-3-y])-3-(2,4- 
dichlorophenyl) 
propanamide. 

iH NMR (CDCI3) d: 0.92 (d, 3H). 1.25 (d, 3H). 2.65 (dt, 2H), 3.05 (t. 
2H), 3.15 (SepT, IH), 3.40 (s, 3H), 5.38 (d, IH), 7.0 7.6 (m, 8H). • 

The following compounds were prepared in a similar 
manner as described in Example 81 , using the appropriate Grignard 
reagent in place of isopropyl magnesium chloride. 
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N-[2,3-dihydrp-l -methyI-2-oxo-5-isopropyl-lH-l ,4-ben20diazepin-3- 

vll-3-cvclohexvlpropanamide 

m.p. 164-165"'C 

CHN: Anal. Caicd. for C22H31N3O2: 

C, 71.51; H, 8.46; N, 11.37 
Observed: C. 71.72; H, 8.39; N, 11.32 

EXAMPLE 83 

N-f 2,3-dihydro-l -methyI-2-oxo-5-i.sopropyl- 1 H- 1 ,4-benzodiazepin-3- 

vn-3-(4-trifluoromethvlphenvnpropanamide 

m.p. 187-188°C 

IH NMR (CDCI3) d: 0.92 (d, 3H), 1.25 (d, 3H), 2.66 (dt. 2H), 3.04 (t, 
2H). 3,15 (SepT. IH), 3.40 (S, 3H), 5.38 (d. IH), 7.14 (brd, IH). 7.25- 
7.6 (m, 8H). 

Employing substantially the same methods described in 
Example 80, but replacing Step E with the reduction method described 
below, the following compounds were prepared: 




1 2 
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To a solution of the oxime i (1 .28 g, 0.0048 mole) in H2O 
(1 30 ml) and THF (65 ml) was added sodium dithionite (Na2S204) 
(13.0 g, 0.075 mole). The mixture was stirred for 2 hours then diluted 
with saturated aqueous sodium bicarbonate (50 ml) and product 
extracted into ethyl acetate (2 x 150 ml). The organic extracts were 
combined, dried over Na2S04, filtered, and concentrated to give an oil 
( 1.0 g). The 

oil wa.s chromatographed on silica using ethyl acetate followed by 10% 
methanol/methylene chloride to give pure amine 0.77Xg (64%). 
lHNMR(DMSO)d3.32(s. 3H),4.30(s, IH), 6.64 (d, d, IH). 6.76 
(d. IH), 7.35 (dt, IH). 7.58-7.74 (m. 3H), 7.88 (m, IH). 

EXAMPLE 84 

N-f 2,3-dihydro- 1 -methyI-2-oxo-5-(2-ftiranyl)- 1 H- 1 ,4-ben2odiazepin-3- 

vll-3-cvclohexvlpropanamiHft ^ 

m.p. 168-169*'C 

CHN: Anal. Calcd. for C23H27N3O3: 

C, 70.21; H, 6.92: N, 10.68 
Observed: C, 70. 15: H, 6.67; N. 10.64 

EXAMPLE 85 

N-[2,3-dihydro- 1 -methyl-2-oxo-5.(2-furanyl)- 1 H- 1 ,4.benxodiazepin-3- 

vl1.3.r4.trifluoromethvlp henvnprnpanamiHp 

m.p. 155-I57X 

CHN: Anal. Calcd. for C24H20N3O3F3: 
C, 63.29; H, 4.432; N, 9.23 
Observed: C, 63.22; H, 4.44: N. 9.07 

EXAMPLE 86 

N-[2,3-dihydro.|-methyl-2-oxo-5-(2-furanyl)-lH-l,4-benzodiazepin-3- 
vn-3-f2.4-dichlorophenvl )DropanainidR 
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in.p. 132-133X 

CHN: Anal. aicd. for C23H19N363CI2 

C, 60.54; H, 4.20; N. 9.21 
Found: C, 60.62; H, 4.07; N. 9.07 

EXAMPLE R7 

N-[2,3-dihydro- 1 -methyl-2-oxo-5-(3-furanyl)- 1 H- 1 ,4-benzodiazepin-3- 

vn-3-cvclohexvlpropanamide 

m.p. 199-200T 

•h NMR (CDCI3) d; 0.9-1.8 (bnn, 3H), 2..38 (t, 2H). 3.42 (S, 3H), 5.55 
(brd, IH), 6.90 (S. IH), 7.2-7.77 (m, 7H) 

EXAMPLE «8 

N-[2,3-Dihydro- 1 -methy!-2-oxo-5-(3-furanyl)-IH-l ,4-benzodia2epin-3- 

vll-3-f4-trifluoromethvlphenvnpropanamide 

m.p. 21 3-21 4T 

iH NMR (CDCI3) d: 2.71 (dt, 2H). 3.05 (t, 2H), 3.42 (S, 3H). 5.72 (d, 
1 H). 6.82 (brS, 1 H), 7.2-7.7 (m, 1 1 H) 

EXAMPLE 89 

N-[2,3-Dihydro-l-methyl-2-oxo-5-[2'-(4,4-dimethyl-2-oxazolinyl)- 
phenyn -lH-1.4-benzodiazepin-3-yn-3-f2.4-dichlorophenyl)- 

propanamide 

The subject compound was prepared substantially as 
described in Example 81. 
m.p. I94-195°C 

CHN: Anal. Calcd. for C30H28N4O3CI2 

C, 63.95; H, 5.01; N, 9.94 
Found: C. 63.70; H, 5.01 ; N, 9.96 
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EXAMPLE 90 

N-f2,3A5-Tetrahydro-l-methyI-2-oxo-5-isopropyI-lH-l,4-benzo- 
diazepin-3vn>3-cvclQhexv |propanamide 




10%Pd/C 
MeOH 



A solution of N-(2.3-dihydro-l-methyl-2-oxo-5-isopropyl- 
lH-l,4-benzodiazepin-3-yI]-3-cyclohexylpropanamide (50 mg) in 
methanol (10 mL), containing 10% Pd/C (50 mg) was stirred under I 
atmosphere 

of hydrogen for 18 hours. Filtration of the reaction, concentration and 
crystallization ffrom diethyl ether gave 21 mg N-|2,3.4,5-tetrahydrx>-l- 
methyl-2-oxo-5-isopropyl-l H-1 ,4-benzodiazepin-3-yl]-3- 
cyclohexy Ipropanamide. 
CHN: Anal. Calcd. for C22H33N3O2 

C 71.12; H. 8.95: N, 11.31 
Observed: C. 70.98; H. 8.97; N J 1 . 1 5 
m.p. 114-115T 
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EXAMPLE 91 

N-f 2,3-dihydro- 1 -methyl-2-oxo-5-inethyI- 1 H- 1 ,4-benzodiazepin-3-y !}- 
3-(2.4-dichlomphenvnpropanamide 

Step A: 



CH3 0CH3 




To CBZ-benzodiazepine (250 mg, 0.776 mmol) in toluene 
(25 mL) at reflux was added dropwise a solution of DMF dimethyiacetal 
(1.09 mL) in toluene (10 mL), The reaction was refluxed for 5 hours, 
cooled and concentrated to an oil. The oil was triturated with ether to 
give a white solid (124 mg). 

>H NMR (CDCI3) d: 2.50 (s. 3H). 3.42 (s. 3H), 5.12-5.20 (m, 3H). 6.62 
(d. IH), 7.25-6.4 (m, 7H), 7.5-7.6 (m. 2H). 

Step B : 




CH3 CH3 



The CBZ-amine-N-methyl amide (190 mg) was treated 
with 30% HBr/AcOH (0.8 mL) for 1 hour at room temperature. The 
reaction mixture was poured into ether (10 mL) at 0°C and the solid 
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filtered. Solid dissolved in 10% Aq. NaOH (5 mL) and CH2CI2 (10 
mL) and organic layer separated, dried (Na2S04), filtered and 
concentrated to 

an oil (172 mg, 110%). 

iH NMR (CDCI3) d: 2.42 (s, 3H). 3.05 (brs, 2H), 3.40 (s. 3H). 4.40 (s, 
IH). 7.2-7.6 (m,4H). 



N-f 2,3-dihydro- 1 -methyl-2-oxo-5-methyl- 1 H- 1 ,4-benzodiazepin-3-yl J-3. 
(2,4-dichlorophenyl)propanamide was prepared in a similar manner as 
described previously in Example 43. 
m.p. 194-I95°C 

CHN: Anal. Calcd.forC20H|9N3O2Cl2 

C, 59.42: H, 4.74; N, 10.39 
Observed: C, 59.50: H. 4.74; N, 10.44 



StepC : 




CH3 
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iH NMR (CDC13) d: 2.49 (brs, 3H), 2.65 (dt, 2H), 3.05 (t, 2H), 3.42 (s, 
3H), 5.35 (d, IH), 71-7.6 (m, 8H). 

EXAMPLE 92 

N.l2,3-Dihydro- 1 -niethyl.2-oxo-f4,5-a]-( I -oxo- 1 ,3-dihydro.2H- 
isoindole V 1 H- 1 ,4-benzodiazepin-3-yll.3'f 2.4-dichlorophenvl )- 
propanamide • 




To a solution of N.r2,3-dihydro-l-methyI.2.oxo-5-[2'- 
(4,4-dimethy|.2-oxazolinyI)phenyI)-lH-l,4.benzodiazepin-3-yll-3-(2,4- 
dichlorophenyl)propanamide (100 mg, 0.178 mmol) in methylene 
chloride was slowly added methyl trifluoromethanesulfonate (22 mL, 
0.198 mmol). After stirring 5 minutes, sodium borohydride (7.6 mg. 
0.20 mmol) in asolute ethanol (0.5 mL) was added and reaction stirred 
30 min. the product was extracted into ethyl acetate and purified by 
column chromatography on silica (60% ethyl acetate/hexane) to give 30 
mg N.[2,3-dihydro.l-methyI-2-oxo-|4,5-al-(l-oxo-K3-dihydro-2H- 
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isoindole)-! H-1 ,4-benzodiazepin-3-yl]-3-(2,4.dichlorophenyI)- 
propanamide. 



iH NMR (CDCI3) d: 2.70 (m, 2H), 3.12 (t. 2H). 3.55 (s. 3H). 5.68 (s. 
IH). 5.90 (d. IH), 6.85 (dd. IH). 7.05 (bid, IH), 7.1-7.5 (m. 9H), 7.85 
(d, IH). 
MSM+1-494. 



3R-(+)-3-(Phenylthio)-N-f2,3-dihydro-l-methyI-2-oxo-5-phenyl-lH- 
1 ■4-benzodiazepin-3-vl Ip ropanamide 

To a stirred solution of 3-bromopropionic acid (l.Og, 
6.5mmol) in DMF (20 mL) was added K2CO3 (1 .8 g, 1 3 mmoi) and 
thiophenol (0.72 g, 6.5 nimol). This was heated to 50°C for Ih. The 
mixture wa.s then diluted with 200 niL H2O and extracted with 2 x 100 
mL EtOAc. The combined organics were wa.shed with 100 mL H2O 
and dried with Na2S04. This was evaporated to give 1.52g of a 
colorless oil, 1.1 8g corrected for residual DMF by NMR. 

The above oil was taken up in 30 mL DMF and l-(3- 
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (2.45g. 
12.8mmol) and 1 -hydroxybenztriazole hydrate ( l.73g, l2.8mmol) were 
added. This was stirred for 5 min at rt. 3-(R)-Amino-l,3-dihydro-l- 
methyI-5-pheny]-2H-l,4-benzodiazepin-2-one (0.66g, 2.6mmol) was 
then added and the reaction was .stirred at rt overnight. The reaction 
was diluted with 200 mL H2O and extracted with 2xl50mL EtOAc. 
The combined organics were wa.shed with IxlOOmL H2O, dried with 



EXAMPLE 93 
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Na2S04 and evaporated. TTie residue was chromatographed over silica 
eluting with 2% MeOH:CHCl3. Collected pure fractions, evaporated. 
Evaporated from diethyl ether to give 770mg of a white foam. 
Anal. Calcd for C25H23N3O2S*0.05Hexane: 

70.04; H, 5.51; N, 9.69. 
Found: C 69.91 , H 5.40, N 9.78. 

EXAMPLE 94 




3R-(+)-5-(Methylthio>N-[2,3-dihydro- 1 -methyN2-oxo-5-phenyl-l H- 
L4"benzodiazepin-3-vnpropanamide 

To an aqueous solution of K2CO3 (0.76g, 5.5mmol) was 
added 5-bromopentanoic acid and sodium thiomethoxide. This was 
stirred at rt overnight. The reaction was diluted with 50 mL H2O and 
acidified to pH=0 with 6N HCI. Extracted with 2 x 50 mL EtOAc. 
Dried with Na2S04, evaporated to give 0.55g of a yellow oil. 

The above oil was taken up in 10 mL DMF and l-(3- 
dimethyNaminopropyl)-3-ethylcarbodiimide hydrochloride (I.30g, 
6.8mraol) and 1 -hydroxybenztriazole hydrate (0.92g, 6.8mmol) were 
added. 3-(R)- Amino- 1 ,3-dihydro- 1 "methy!-5-phenyl-2H- 1 A- 
benzodaizepin-2-one (0.85g, 3.4 mmol) was then added and the reaction 
was stirred overnight at rt. The reaction was diluted with 100 mL 
H2O and extracted with 2 x 50 mL EtOAc. Combined organics were 
dried with brine and Na2S04, and evaporated to give yellow oil. The 
residue was chromatographed over silica eluting with 50:50 EtOAc:Hex 
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to 100% EtOAc. Pure fractions were collected to give 1 .33g of a 
colorless oil, 0.4g of which was chroma-tographed over silica eluting 
with 2% MeOH:CH2Cl2. Pure fractions were collected, and evaporated 
from ethyl etherrhexane to give a white powder mp. 61-65T. 
Anal. Calcd for C22H25N3O2S»0.35H2O: 

C, 65.76; H, 6.45: N. 10.46. 
Found: C, 65.81: H, 6.21: N, 10.57. 

EXAMPLE 95 



Me 




N-cyano-N'-cyclohexylniethyI-N"-(l,3-dihydro-l-methyI-2-oxo-5- 
Dhenvl-2H- 1 .4-benzodiazeDin-3-vl)guanidine 

A .solution of 3-(R)-amino-l,3-dihydro-l-methyl-5-phenyl- 
2H-l,4-benzodiazepin-2-one (Ig, 3.7 mmole) in acetonitrile (20 mL) 
was treated with diphenylcyanocarbonimidate (0.9 g, 3.7 mmole) and 
stirred at room temperature for thirty minutes. Cyclohexylmethyl- 
amine (0.84 g, 7.4 mmole) was then added and the reaction stirred at 
room temperature for two hours. The reaction was poured into 100 mL 
of 0.1 N HCI and extracted with 3 x 100 mL portions of ethyl acetate. 
The organic layers were combined and washed once with sattirated 
sodium bicarbonate (50 mL), dried over anhydrous magnesium sulfate, 
filtered, and concentrated at reduced pressure. The residue was 
chromatographed on silica gel eluting with 50% ethyl acetate/hexane to 
give 0.875 g of the product. 

The analytical sample was crystallized from ethyl acetate. 
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m.p. 158.16rC 

Anal. Calcd. for C25H28N60: 

C 70.07; H, 6.59; N. 19.61. 
Found: C. 70.05; H, 6.59; N. 19.64%. 



Me 




N-(13-Dihydro-l-methyl-2-oxo-5-phenyl-2H-l,4-benzodiazepin-3-yl)- 
4-f4-ch]orobenzvn-4-piperidinecarboxainide dihvdrochloride 

Step A : Preparation of N-tert-butyloxycarbonyl-4- 
(4-chlorobenzyl)-4-piperidinecarboxylic acid 

A solution of N-Boc-ethylisonipecotate (51 .4 g. 200 
mmole) in THF (IL) at -60^ C was treated with a solution of lithium 
bistrimethylsilyl amide (220 mL of a 1 N solution in THF, 220 mmole). 
After stirring at -60^C for 5 minutes, a solution of 4-chloroben2yl 
chloride (33.8 g, 210 mmole) in THF (200 mL) was added and the 
reaction allowed to warm to room temperature. Most of the THF 
(about 800 mL) was removed by evaporation at reduced pressure. The 
remainder was poured into 1 L of 1 N HCl and extracted with two 800 
mL portions of ethyl acetate. The organic layers were combined and 
washed once with saturated sodium bicarbonate (500 mL), dried over 
anhydrous magnesium sulfate, filtered, and concentrated at reduced 
pressure. The residue was chromatographed on silica gel eluting with 



wo 97/49690 



PCT/US97/10S61 



- 128- 

10%-20% ethyl acetate^exane to give the product ester which was used 
directly. The material thus obtained was dissolved in THF (100 mL) 
andIPA(100mL)andtreated with350mLof lONNaOH. The 
mixture was heated to reflux for 30 hours. The reaction was cooled to 
room temperature and poured over a mixture of crushed ice (2 L), 6 N 
HCI (500 mL) and saturated potassium hydrogen sulfate (1 L). The 
mixture was extracted with two 1 L portions of ethyl acetate. The 
organic layers were combined and dried over anhydrous magnesium 
sulfate, filtered, and concentrated at reduced pressure to give 52 g of the 
product. 
m.p. 179-180°C, 

'H NMR CDCI3 d 7.26 (d, J = 8 Hz, 2 H). 7.03 (d, J = 8 Hz, 2 H). 
3.98 (m, 2H), 3.0-2.8 (m, 2H). 2.84 (s, 2H). 2.10-2.00 ( m, 2H), 1 .55- 
1.40 (m, 2H). 1.45 (s, 9H) 

S^eB: Preparation of N-(l .3-dihydro- 1 -methyl-2-oxo-5-phenyl- 
2H- 1 .4-benzodiazepin-3-yl)-4-(4-chlorobenzyl)-4-piper- 
idinecarboxamide dihydrochloride 

A mixture consisting of N-tert-butyloxycarbonyl-4-(4- 
chlorobenzylH-piperidinecarboxylic acid (1.48 g, 4.18 mmole), 3-(R)- 
amino- 1 ,3-dihydro- 1 -methyl-5-pheny I-2H- 1 .4-benzodiazepin-2-one ( I g, 
3.7 mmole), hydroxybenzotriazole (1.17 g, 8.66 mmole), I-(3-dim- 
ethylaminopropyl)-3-ethylcarbodiimide hydrochloride (1.49 g, 7.70 
mmole), diisopropylethyl amine (0.53 g, 4.13 mmole), and DMF (10 
mL) was stirred at room temperature for 1 8 hours. The reaction was 
poured into 1 N HCI and extracted with ethyl acetate (4 X 50 mL). The 
organic layers were combined and washed once with saturated sodium 
bicarbonate (50 mL), once with saturated sodium chloride (50 mL), 
dried over anhydrous magnesium sulfate, filtered, and concentrated at 
reduced pressure. The residue was chromatographed on silica gel 
eluting with 25%-50% ethyl acetate/hexane to give 2.34 g of the product 
amide which was used directly. The material thus obtained was 
dissolved in ethyl acetate (50 mL) and HCI (g) was bubbled into the 
reaction for 5 minutes. The reaction was concentrated at reduced 
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pressure and the residue recrystallized from ethyl acetate to give 1.13 g 
of the product as a pale yellow solid. 
m.p. 190 - 195X. 

Anal. Calcd. for C29H29C1N402-2 HCI: 
C. 60.68; H, 5.44; N, 9.76. 
Found: C, 60.47; H. 5.5; N. 9.42%. 

Utilizing the procedures substantially as desribed above 
except substituting N-Boc-ethylnipecotate for N-Boc-ethyl isonipecotate 
there were obtained the following compounds 

EXAMPLE 97 



Me 




N-(l ,3-dihydro-l -methyl-2-oxo-5-phenyl-2H-l ,4-benzodiazepin^3-yl)- 
3 -f4-chlorobenzvn-3-piperidinecarboxamide hvdrochloride A + B 

iSSIDSES : 

Isomer A 

m.p. 205 -2I0°C. 

Anal. Calcd. for C29H28ClN4O2«HCN0.5 CH3CH2OH-0.8 H2O: 

C. 62.67; H, 6.07; N, 9.75. 
Found: C. 62.69; H, 5.94; N, 9.42%. 



Isomer B 

m.p. 200 - 205°C. 
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Anal. Calcd. for C29H28ClN4O2»HCI.»0. 1 CH3CH20COCH3«J.6 H2O: 

C, 61.39; H, 5.96; N, 9.74. 
Found: C. 61 .39; H, 5.66; N. 9.56%. 

EXAMPLE 9« 




(+)-3-Cyclohexyl-N-(2,3-dihydro- 1 -methyl-2-oxo-5-phenyl- 1 H-1 ,4- 

benzodiaze pin-3-vn-N-(ethoxvcarhonvlmethvnDroDanamide 

3-(R)-Amino- 1 ,3-dihydro- 1 -methyl-5-phenyl-2H-l ,4- 
benzodiazepin-2-one (5.0 g. 18.8 mmol) in acetonitrile (100 mL) wa.s 
mixed with ethyl bromoacetate (2.1 mL, 18.8 mmol) and sodium 
hydrogen carbonate (4.0 g) wa.s suspended in the mixture. The mixture 
was stirred and heated at reflux for 2 h. After that time, the reaction 
was cooled to room temperature, diluted with 150 mL water, and 
extracted with ethyl acetate (3 x 100 mL). The organic layers were 
combined, dried with magnesium sulfate, gravity filtered, and the 
solvent was removed in vacuo . The resulting oil was chromatographed 
over silica in 3:1 ethyl acetate: 
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hexane, yielding the mono-alky lated product (2.58 g, 39%) as well as 
the starting 1 ,4-benzodiazepin-2-one and bis-alkylated material. To a 
solution of 3-cyclohexylpropionic acid (1.0 g, 6.40 mmol) in methylene 
chloride (30 mL) was added oxalyl chloride (0.56 mL, 6.40 mmol) and 
catalytic (N,N)-dimethyl fomiamide ( 2 drops). After 0.5 h, a solution 
of the acetate (2.25 g, 6.40 mmol) in methylene chloride (10 mL) was 
added and the reaction was stirred for 0.25 h. The reaction was then 
diluted with methylene chloride (150 mL) and saturated aqueous sodium 
hydrogen carbonate (150 mL ) was added. The aqueous portion was 
extracted again with methylene chloride (2 x 100 mL) and the organics 
were combined, dried with magnesium sulfate, gravity filtered, and the 
solvent was removed in vacuo . The resulting oil was chromatographed 
over silica widi 1:1 ethyl acetaterhexane, yielding a foam that was 
crystallized with ether, giving 2.0 g (64%) of the product. 
m.p. 120-I22T, fa]D + 0.63° (c=0.79; MeOH). 
Anal. Calcd. for C29H35N3O4: 

C 71.14; H, 7.21; N. 8.58. 
Found: C, 71.13; H, 7.13; N, 8.75%. 

The following compound was prepared in a manner 
substantially as desribed above except substituting ethyl bromobutyrate 
for ethyl bromoacetate. 

EXAMPLE 99 
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3-CyclohexyI-N-[2,3-dihydro- 1 -methyl-2-oxo-5-phenyl-l H- 1 ,4- 
benzodiazeDin-3-vn-N-fethoxvcarbonvlproDvnproDan aniide 
m.p. 103-105°C, [a]D 0.00°; c=0.85; MeOH. 
Anal. Calcd. for C31 H39N3O4.'0.40 mol H2O: 

C, 70.94; H, 7.64; N, 8.01. 
Found: C, 70.91; H, 7.44; N, 8.12%. 

EXAMPLE inn 




N-[2,3-Dihydro- 1 -methyl-2-oxo-5-pheny|.l H- 1 ,4-ben2odiazepin-3-yl J- 
N-r2-r2.Tnet hoxvethoxv)ethvnhpx;^p ^lTniri<> 

3-(R)-ATnino-1.3-dihydro-l-methyl-5-phenyI.2H-l,4- 
benzodiazepin-2-one (1.33 g. 5.0 mmol) in N.N-dimelhyl formamide 
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(30 mL ) was mixed with l-bromo-2-(2-methoxyethoxy)ethane (1.35 
mL , 5.0 mmol) and triethylamine (1.0 mL ). The mixture was stirred 
and heated at reflux for 4 h. After that time, the reaction was cooled to 
room tempera- 
ture, diluted with 150 mL water, and extracted with ethyl acetate (3 x 
100 mL ). The organic layers were combined, dried with magnesium 
sulfate, gravity filtered, and the solvent was removed in vacuo . The 
resulting oil was chromatographed over silica in 1 : 1 ethyl 
acetateihexane, yielding the mono-alkylated product (1.2 g, 65%) as 
well as the starting 1,4-benzo- 

diazepin*2-one and bis-alkylated material. To a solution of the mono- 
alkylated material (1.2 g, 3.27 mmol) in methylene chloride (20 mL) 
was added hexanoyl chloride (0.96 mL, 3.27 mmol) and the reaction 
was stirred for 0.25 h. The reaction was then diluted with methylene 
chloride (150 mL) and saturated aqueous sodium hydrogen carbonate 
(150 mL) was added. The aqueous portion was extracted again with 
methylene chloride (2 x 100 mL) and the organics were combined, 
dried with magnesium sulfate, gravity filtered, and the solvent was 
removed in vacuo . The resulting oil was chromatographed over silica 
with 1:1 ethyl acetate: 

hexane, yielding an oil, giving 580 mg (38%) of the product. 

|a]D0.00^; c=0.27; MeOH. 

Anal. Calcd. for C27H35N3O4.-O.8O mol H2O: 

C, 67.56; H, 7.69; N, 8.75. 
Found: C, 67.56; H, 7.39; 8.85%. 
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EXAMPLR ini 




(+)-N-f2,3-Dihydro- l-methyl-2-oxo-5-phenyl-I H-l ,4-benzodiazepin-3- 
vll-N-f5-hv droxvpentvnhexanamide 

3-(R)-Amino-l ,3-dihydro-l -methyl-5-phenyl-2H-l ,4- 
benzodiazepin-2-one (1.33 g, 5.0 mmol) in acetonitrile (40 mL ) was 
mixed with 5-chloropentan-I-ol (0.61 g, 5.0 mmol) and sodium 
hydrogen carbonate (2.0 g) was suspended in the mixture. The mixture 
was stirred and heated at reflux for 12 h. After that time, the reaction 
was cooled to room temperature, diluted with 100 mL water, and 
extracted with ethyl acetate (3 x 75 mL ). The organic layers were 
combined, dried with magnesium sulfate, gravity filtered, and the 
solvent was removed in vacuo . The resulting oil was chromatographed 
over silica in 1:49 methanol: 
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chloroform yielding the mono-alkylated product (1.1 g, 62%) as well as 
the starting 1 ,4-ben2odiazepin-2-one and bis-alkylated material. To a 
solution of the monoalkylated material (0.50 g, 1.42 mmol) in 
methylene chloride (30 mL ) was added hexanoyl chloride (0.20 mL, 
1,42 mmol) and the reaction was stirred for 0.25 h. The reaction was 
then diluted with methylene chloride (100 mL) and saturated aqueous 
sodium hydrogen carbonate (100 mL ) was added. The aqueous portion 
was extracted with methylene chloride (2x75 mL ) and the organics 
were combined, dried with magnesium sulfate, gravity filtered, and the 
solvent was removed in vacuo . The resulting oil was chromatographed 
over silica with 1:1 ethyl acetate:hexane, yielding a foam, giving 360 mg 
(64%) of the product, 
foam , [ajd + 8.36° (c=0.6U MeOH). 
Anal. Calcd. for C27H35N3O2.-O.25 mol H2O: 

C, 71.42; 7.88; 9.25. 
Found: C, 71.47; H, 7.89; N, 9.12%. 



wo 97/49690 



PCT/US97/ia5«l 



- 136- 




(+)-N-f 2,3-Dihydro- 1 -methyI-2-oxo-5-phenyl- 1 H- 1 ,4-benzodiazepin-3- 
vn-N-{ethoxvcarbonvlpentvnhexanamide 

3-(R)-Ainino-I,3-dihydro-l-niethyI-5-phenyI-2H-l,4- 
benzodiazepin-2-one (1.33 g, 5.0 mmol) in acetonitrile (40 mL ) was 
mixed with ethyl-6-bromohexanoate (0.89 mL , 5.0 mmol) and .sodium 
hydrogen carbonate (2.0 g) was suspended in the mixture. The mixture 
was stirred and heated at reflux for 10 h. After that time, the reaction 
was cooled to room temperature, diluted with 100 mL water, and 
extracted with ethyl acetate (3x75 mL ). The organic layers were 
combined, dried with magnesium sulfate, gravity filtered, and the 
solvent was removed 

in vacuo. The resulting oil was chromatographed in 1 :49 methanol: 
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chlorofoim, yielding the mono-alkylated product (0.56 g, 28%) as well 
as the starting 1 ,4-benzodia2epin-2-one and bis-alkylated material. To a 
solution of the mono-alkylated material (0.56 g, 1 .37 inmol) in 
methylene chloride (20 mL) was added hexanoyi chloride (0.19 mL, 
1 .37 mmol) and the reaction was stirred for 0.25 h. The reaction was 
then diluted with methylene chloride (100 mL) and saturated aqueous 
sodium hydrogen carbonate (100 mL) was added. The aqueous portion 
was extracted again with methylene chloride (2x75 mL) and the 
organics were combined, dried with magnesium sulfate, gravity filtered, 
and the solvent was removed in vacuo . The resulting oil was 
chromatographed over silica with 1:1 ethyl acetaterhexane, yielding a 
foam, giving 0.40 g (58%) of the product, 
m.p. 59-65^C, [a]d (+)52.7^ (c=0.48,MeOH). 
Anal. Calcd. for C30H39N3O4.*0.20 mol CH2CI2: 

C, 69.4; H, 7.6; N, 8.04. 
Found: C, 69.44; H, 7.68; N, 7.71%. 

The following compound was prepared in a manner 
substantially as described above except substituting ethyl bromoacetate 
for ethyl 6-bromohexanoate. 



EXAMPLE 103 




I p O 



(•f )-N-[2,3-Dihydro- 1 -methyl-2-oxo-5-pheny 1- 1 H- 1 ,4-benzodiazepin-3- 
vll-N-(ethoxvcarbonvlmethvnhexanamide 
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foam, [ajd + 2.04*' (c=0.98; MeOH). 
Anal. Calcd. for C26H31 N3O4: 

C, 69.47; H. 6.95; N, 9.35. 
Found: C. 69.4 1 ; H, 7.03; ,N, 9.26%. 

EXAMPLF in4 




(+)-3-CyclohexyI-N-(23-dihydro-l-methyl-2-oxo-5-phenyl-lH-I,4- 

benzodiazeDin-3-vn-N-(hvdroxvmethv])propanamide 

(+)-3-Cyclohexyl-N-[2,3-dihydro- 1 -methyl-2-oxo-5- 
phenyl-lH-l,4-benzodia2epin-3-ynpropanamide (2.0 g, 5.0 mmol) was 
di.s.so]ved 

in tetrahydrofuran (30 mL), cooled to 0°C and methyl magnesium 
chloride (3M, 2.0 mL) was added. After 0.25 h, parafonmadehyde 
(0.15 g.lO mmol) was added, and the mixture was allowed to warm to 
room temperature. The reaction was then diluted with ethyl acetate 
(150 mL) and saturated aqueous sodium hydrogen carbonate (150 mL) 
was added. The aqueous portion was extracted again with ethyl acetate 
(2 x 100 mL) and the organics were combined, dried with magnesium 
.sulfate, gravity filtered, and the solvent was removed in vacuo . The 
resulting oil was chromatographed over silica with 1:1 ethyl 
acetate:hexane, yielding a foam (0.80 g. 37%). 
foam, |a]d + 124° (c=0.69, MeOH). 
Anal. Calcd. for C26H31N3O3: 

C, 72.03: H.7.2I; N, 9.69. 
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Found: C. 71.66; H, 7.08; N, 9.78%. 

The following compound was prepared in a manner 
substantially as described above starting from (+)-N-(2,3-dihydro- 
1 !-methyI-2-oxo-5-phenyl- 1 H- 1 ,4-benzodiazepin-3-yl)hexanamide. 



(+)-N-f 2,3-Dihydro- 1 -methyI-2-oxo-5-phenyl- 1 H- 1 ,4-benzodiazepin-3- 

yll-N-(hydroxymethynhexanamide 

m.p. 154-156°C, {a]d + 190.8^ (c=0.24 , MeOH). 
Anal. Calcd. for C23H27N3O3-0.30 mol H20: 

C, 69.26; H, 6.97: N. 10.53. 
Found: C 69.29; H, 6.81; N. 10.6%. 



EXAMPLE 105 




,0 O 



EXAMPLE 106 
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(+)-3-Cyclohexyl-N-[2.3-dihydro-l-methyl-2-oxo-5-phenyl-l H-1 ,4- 

benzodiazeDin-3-vl1-N-ftetr azolvlmethvnpropanamide 

(+)-3-Cyclohexyl.N-[2,3-dihydro- 1 -methyl-2-oxo-5- 
phenyl-IH-l,4-benzodiazepin-3-ylJ-N-(hydroxymethyl)propanamide 
(0.67 g, 1.56 mmol) was dissolved in methylene chloride(100 mL). 
along with tetrazole (0.33 g, 4.7 mmol), and then N,N-diisopropyl- 
dibenzyl-pho.sphoramidite (1.07 g, 3.1 mmol). After 2 h, the mixture 
was diluted with methylene choride (150 mL), and extracted with 
saturated aqueous sodium hydrogen carbonate (3 x 100 mL). The 
organic layers were combined, dried with magnesium sulfate, gravity 
filtered, and the solvent was removed in vacuo . The resulting oil was 
chromatographed twice over silica with 1:1 ethyl acetate rhexane, 
yielding two constitutional isomers, a (65 mg, 9%) and b (56 mg, 
7.5%). 

Isomer A: 

m.p. 96-98T. [a]d +188.9° (csO. 19, MeOH). 
Anal. Calcd. for C27H3lN7O2«0..30 mol TFA: 

C, 63.78; H. 6.07; N, 18.86. 
Found: C, 63.7; H. 6. 1 2: N. 1 8.76%. 

Isomer B: 

m.p. 92-95°C, [a]d +81.3° (c=0.31, MeOH). 
Anal. Calcd. for C27H31N7O2O.35 mol TFA: 

C, 63.31 ;H, 6.01; N, 18.66. 
Found: C, 63.35; H, 6.02; N, 1 8.74%. 
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EXAMPLE 107 




3R-(+)-3-(Benzyloxycarbonylamino)-2,3-dihydro-l-methyl-2-oxo-5- 

phenyl-1 H- 1 .4-benzQdiazepine 

To a stirring solution of 3-(R)-amino-l,3-dihydro-l- 

methyl- 

5-phenyl-2H-l,4-benzodia2epin-2-one (2.0 g, 7.5 mmol) in methylene 
chloride (45 mL ) at OX was added benzyl chlorofomiate (1.2 mL, 8.3 
mmol) and the reaction was allowed to warm to room temperature. The 
reaction mixture was diluted with methylene chloride (150 mL ), and 
extracted with saturated aqueous sodium hydrogen carbonate (150 mL ). 
The aqueous portion was extracted with methylene chloride (2 x 100 
mL ) and the organics were combined, dried with magnesium sulfate, 
gravity filtered, and the solvent was removed in vacuo . The resulting 
oil was chromatographed over silica with 1:1 ethyl acetate:hexane, 
yielding a 

white foam (3.0 g, 99.7%) 
[aid +57.5° (c=I. 17; MeOH). 

Anal. Calcd. for C24H20N3O3.* 0.70 mol H2O •O.IS mol CHCI3: 

C, 67.62; H, 5.06; N, 9.8. 
Found: C, 67.6; H, 5.02; N, 9.75%. 

The following compounds were prepared substantially as 
described in Example 81. 
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EXAMPLK lOR 

N-f 2.3-Dihydro- 1 -methyI-2-oxo-5-ethyl- 1 H- 1 ,4-benzodiazepin-3-yl]-3- 

(2.4-dichlorophenvhprnpanamiHft 

m.p. 156-158°C. 

CHN: Anal. Calcd. for C21 H2] Cl2N3O2«0.5 H2O: 

C, 59.02: a .5.19; N, 9.83. 
Found: C. 58.99; H. 4.89: N, 9.88. 

EXAMPLE 109 

N-[2,3-Dihydro- 1 -methyl-2-oxo-5-t-butyl- 1 H- 1 ,4-benzodiazepin-3-yll- 

3-(2.4-dichlorophenvl)propananiide 

m.p. 170-17rC. 

CHN: Anal. Calcd. for C23H25Cl2N3O2»0.7 H2O: 

C, 60.18: H, 5.80: N, 9.16. 
Found: C, 60. 17; H, 5.30; N, 9.30. 

EXAMPLE 1 10 

N-[23-Dihydro-l-methyl-2-oxo|4'.(4.4-dimethyI-2-oxazolinyl)phenylj- 
1 H- 1 .4-benzodiazeDin-3-vn-3-r2-4-di chlorophenvl)pn}panamiHp, 
m.p. 188-190''C. 

CHN: Anal. Calcd. for C30H28N4O3CI2: 

C, 63.95; H,5.01: N,9.94. 
Found: C, 63.96; H, 5.02; N, 10.08. 

EXAMPLE 1 1 1 

N-(2,3-Dihydro-l-niethyl-2-oxo-5-(4-methoxyphenyl)-lH-l,4- 
benzodia7enin-3-vn-3.r2 4-dichlornphRnvnpmpan^mide 
m.p. 188-189°C. 

CHN: Anal. Calcd. for C26H23Cl2N3O3»0.45 H2O: 
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C, 62.91; H, 4.67; N, 8.47. 
Found: C, 61.89; H, 4.78; N, 8.33. 

EXAMPLE 112 

{+)-3,5-Dichloro-N-f3R-2,3-dihydro-2-oxo-5-phenyM -(2,2,2- 
trifluoroethylVlH'benzofelf 1 .4Mia2epin-3-vllbenzamide. 




Step A: Preparation of 23-dihydro-2-oxo-5-phenyl-l -(2,2,2- 
trifluoroethyl)-lH-benzo[el[ 1 ,4]diazepine. 

A solution of 5-phenyl-l,4-benzodiazepine-2-one 
(y. Orn. Chem,. 1962, 27, 3788)(50 g, 0.21 1 mole) in DMF (100 mL) 
was treated with cesium carbonate (103.5 g, 0.317 mole) and 
trifluoroethyl iodide (109.7 g, 0.525 mole). The mixture was stirred at 
50°G overnight. The reaction mixture was then poured into water (2 L) 
and extracted with ethyl acetate (3 X I L). The combined ethyl acetate 
fractions were dried over anhydrous magnesium sulfate, filtered and 
concentrated at reduced pressure. The residue was crystallized from 
ethyl ether to give 45 g (68 %) of the product. MP = 130 - 1 3rC; 
iH NMR (CDCI3, 300 MHz) d 7.65-7.60 (m, 2H), 7.60-7.45 (m. 5H), 
7.40-7.20(m, 2H). 5.25 (dq, J = 14, 8.6 Hz, IH), 4.82(d, J = 10.5 Hz, 
IH), 4.15 (app sextet J = 8.6 Hz. IH), 3.81 (d, J = 10.5 Hz, IH) 
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Step B: Preparation of 3-Azido-5-phenyl- 1 -(2,2.2-trifluoroethyl)- 
lH-benzo[e][ 1 ,4]diazepine. 

To a stirring solution of 5-phenyl-I-(2,2,2-trifluoroethyl)- 
IH-benzofelf l,4]diazepine (70 g,0.22 mol) in THF (1500 mL) cooled to 
-70°C was added potassium ten-buioxide(l.l eq, 0.24 mol. 240 mL of 
a I N .solution in THF) dropwise over 15 min. A solution of 2,4,6- 
triisopropylbenzenesulfonylazide (74.8 g. 0.24 mol) in THF (2.50 ml) 
was added over 5 min. This was stirred for 10 minutes and acetic acid 
(40 mL, 0.63 mol) was added and the reaction allowed to warm to 
ambient temperature. The reaction was poured into satd. NaHC03 
(1500 mL) and ethyl acetate (IL). The phases were separated and the 
aqueous phase was extracted with ethyl acetate(500 mL). The combined 
organic layers were washed with water (500 mL) then brine (300mL). 
The organic layers were dried with Na2S04 and evaporated to a brown 
foam. This was triturated with ethyl ether to give 65 g of a white 
powder. The filtrate was concentrated and chromatographed over silica 
gel eluting with 30% ethyl acetate/hexane to give another 8.9 g. The 
combined yieild was 74 g( 93%). MP = 159 - l60'*O, 
iH NMR (CDC13, 300 MHz) d 7.70-7.26 (m,9H), 5.28-5.12 (m,IH), 
4.63 (s,lH), 4.35-4. 10(m,lH). 

Step C: Preparation of racemic 3-Arnino-5-phenyl- 1 -(2,2,2- 
trifluoroethyl)- 1 H-benzole]( 1 .4 Idiazepine. 

To a stirring solution of 3-Azido-2-oxo-5-phenyl-l -(2,2,2- 
trifluoroethyl)-2,3-dihydro-lH-benzoIeJl 1 ,4]diazepine (83.4mmol,30g) 
in300mL ethanol and 150mL THF was added 10%Pd/C (10 wt%, 3.0g). 
Hydrogen gas was bubbled through the solution for 8h. The reaction 
was filtered and evaporated under reduced pressure. The re.sidue was 
crystallized from ethyl ether to give 20.0g of white crystals. Another 
4g was recovered from evaporation and recrystallization of the filtrates. 
Combined yeild, 86.7%. 
MP = 141 - 143°C; 
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IH NMR (CDCI33OO MHz) d 7.70-7.26 (ni,9H), 5.28-5:i2 (m,lH), 
4.57 (s,lH). 4.35^.10 (m,lH)- 

Step D: Preparation of 2-Amino-N-f 2-oxo-5-pheny I- 1 -(2,2,2- 
trifluoroethyl)-23-dihydro- 1 H-benzoIejL 1 ,4]diazepin- 
3-yl]-3-phenylpropionainide 

To a stirring solution of 3-Amino-2-oxo-5-phenyl-l -(2,2,2- 
trifluoroethyl)-2,3-dihydro-lH-benzo[e][l,41diazepine (92.2 mmol, 
30.74g) in DMF (3(X)mL) was added N-Benzyloxy-D-Phenylalanine 
(92.2 mmol, 27 .6g), l-(3-Dimethylaminopropyl)-3-ethyIcarbodiimide 
hydrochloride (0.12mol,22.95g) and 1-hydroxybenztriazole hydrate 
(46.1mmoi,6.23g). This was stirred at room temperature for 2h. The 
reaction was then diluted with IL of 10% KHSO4 and extracted with 
ethyl acetate (2x600 mL). The organic layers were combined and 
washed with saturated sodium hydrogen carbonate (6(X)mL). They were 
dried with brine and sodium sulfate and evaporated under reduced 
pressure. 66.58g of an orange foam, which contained ethyl acetate by 
NMR. NMR 1H(CDCI3) d 7.75-7.18 (m, 20H), 5.62-5.55 (mJH), 
5.48-5.00 (m, 4H), 4.72-4.60 (m, IH), 4.25-4.05 (m,i H) 3.32-3.05 (m, 
2H). This material was carried on without further purification. 

To a stirring solution of 2-(N-Benzyloxyamino)-N-[2-oxo- 
5-phenyi- 1 -(2,2,2-trifluoroethyI)-2,3-dihydro- 1 H-benzo[e]f 1 ,4]diazepin- 
3-yl]-3-phenyl propionamide in ILeihanol was added 10% Pd/C (15 
wt%) and hydrogen was bubbled through the reaction for 2h and then 
left stirring under 1 atm. hydrogen overnight. Hydrogen was bubbled 
through the reaction for an additional three hours the following 
morning. The reaction was then filtered, the catalyst was rinsed with 
IL methylene chloride and evaporated under reduced pressure. The 
resuhing solid was dried under vacuum overnight to give 44.46g of a 
white solid. This was chomatographed over silica, eluting with 1% 
MeOH.EtOAc. The pure upper Rf fractions were collected and 
evaporated under reduced pressure. The mixed fractions were 
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coliected, evaporated and rechromatographed. The pure fractions were 
collected and combined with the above pure fractions to get a combined 
yield of 1 8. 1 Ig, 83.5% of the upper Rf diastereomer. NMR 
(CDC13,300 MHz) d 8.94 (d. J=8.6Hz, IH), 7.65-7.10 (m, 9H), 5.64 (d. 
J=8.6 Hz. IH). 5.28-5.12 (m. IH), 4.57 (s, IH), 4.35-4.10 (m, IH) 
3.71 (dd, J=9.8 and 3.9 Hz. IH), 3.34 ( dd, J=13.9 and 3.9 Hz.lH), 2.79 
(dd, J=13.9 and 10.0 Hz. IH). The Ab.solute stereochemi.stry at C-3 of 
the benzodiazepine ring was determined to be (R) by X-Ray analysis. 

The lower Rf material corresponding to C-3(S) was isolated 

as well. 



Step E; Preparation of 3(R)-(+)-3-Amino-5-pheny 1-1 -(2,2,2- 
trifluoroethyO-l H-benzole]l 1 ,4] diazepine. 

To a stirring solution of 2-Amino-N-[2-oxo-5-phenyl-l- 
(2,2,2-trifluoroethy l)-2,3-dihydro- 1 H-benzo[e]l 1 ,4Jdiazepin-3-yl]-3- 
phenylpropionamide (13.6 g, 28.3 mmol) in methylene chloride (136 
mL) was added phenyl isothiocynate (3.87 mL, 34.0 mmol). Thi.s was 
stirred overnight at ambient temperature. The reaction wa.s then cooled 
in ice, trifluoroacetic acid (2.73 mL. 0.283 mol) added and the reaction 
allowed to warm to ambient temperature. After stirring at ambient 
temperature for 2.5 hours the reaction was evaporated under reduced 
pressure, chromatographed with 90:10:1:1 methylene 
chloride:methanol:acetic acid:water. The low Rf .spot was collected and 
evaporated under reduced pressure with no heat. The residue was taken 
up in 600 mL methylene chloride and wa.shed with 300 mL saturated 
NaHC03 and 300 mL water. The solution was dried over Na2S04 and 
evaporated under reduced pressure. The re.sidue was crystallized from 
ethyl acetate: hexanes to give 6.65 g of a white powder , 
MP= 162- 164°C; 

•H NMR (CDCI3,300 MHz) d 7.70-7.26 (m.9H), 5.28-5.12 (m.IH). 
4.57 (.s,lH), 4.35-4.10 (m.lH). 
la]D = +72.9° (c=0.7, MeOH) 
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The (-)-3S enantiomer was prepared in the same fashion 
from the Lower Rf product of Step D. 
MP = 156 - I58«C; 

iH NMR (CDCl3,300 MHz) d 7.70-7.26 (m.9H), 5.28-5.12 (m.lH), 
4.57 (s, I H), 4.35-4. 1 0 (m. 1 H). 
[alD = -71.2° (c=0.66. MeOH) 

Step F: Preparation of (+)-3.5-DichIoro-N-[3R-2.3-dihydro-2-oxo- 
5- phenyl- l-(2,2,2-trifluoroethyl)-lH-benzo[e]| 1 ,41diazepin-3- 

yljbenzamide: 

To a stirring solution of (+)-3R-3-amino-5-phenyl-I- 
(2,2,2-trifluoroethyl)-lH-benzo|e][l,41 diazepine (5.6 g, 16.8 mmol) in 
DMF (50 mL) was added l-(3-Dimethylaminopropyl-3- 
ethylcarbodiimide hydro- 

chloride(4.44 g, 23.0 mmol), and 1 -hydroxybenztriazole hydrate (3.1 1 
g, 23.0 mmol) and 3,5-Dichlorobenzoic acid (3.21 g, 16.8 mmol). This 
was stirred at ambient temperature for 2 hours. The reaction was 
diluted with 500 mL satd. NaHCOs and extracted with 2 x 300 mL 
ethyl acetate. The combined organics were washed with 10% KHSO4 
(200 mL) , brine (200 mL), dried over Na2S04, and evaporated to a 
white foam. This was chromatographed over a 75 x 2(X) mm silica 
column elating with 20% ethyl acetaterhexane. The pure fractions were 
collected and evaporated under reduced pressure to give 8.5 g of a white 
foam which was crystallized from 15% ethyl acetaterhexane to give 5.3 
g of a white powder . mp=l40-143°C, falD=+47.9'»; NMR (CDCI3, 
300 MHz) d 7.85-7.75 (m, 2 H). 7.70-7.20 (m, 9 H), 5.78 (d, J=8.1 Hz, I 
H), 5..30-5.15 (m, IH), 4.30-4.15 (m, IH) 
Analysis Calcd. for C24HI6CI2F3N3O2: 

C 56.93; H,3.19; N, 8.30; 
Found: C .56.81; H, 3.17; N. 8.17. 

The following examples were prepared by a procedure substantially as 
described for Example 1 , Step F. 
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EXAMPLE 113 



(-)-2-(3,4-Dichlorophenyl)-N-r3R-2,3-dihydro-2-ox(..-5-phenyl- 
l-a.2.2-trifluoroethvn-l H-h enzofelf 1 .41diazeDin-3-vl laceramiriff 



mp=219-221°C; (a]D=-10.8°; 

•h NMR (CDC13.300 MHz) d 7.65-7.15 (m, 12H), 5.78 (d, Js8.1 Hz, 
IH), 5.25-5.10 (m. IH), 4.25-4.05 (m, IH), 3.56 (s, 2H): 
Analysi.s Calcd. for C25Hi8Cl2F3N3O2»0.85 H20: 

C, 56.06; H, 3.71; N, 7.84. 
Found: C. 56.03; H, 3,53; N. 7.82. 



(-)-2-(3,5-Dichlorophenyl)-N-f3R-2.3-dihydro-2-oxo-5-phenyl- 
1 -(2.2.2-trifluoroethvn- 1 H -benzolelf 1 .41diazepin-3-vl lacetamide 




EXAMPLE 1 14 
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mp=93.100T,falD = -5.7''; 

JH NMR (CDCI3,300 MHz) d 7.65-7.15 (m, I2H), 5.78 (d, J=8.1 Hz, 
IH), 5.25-5.10 (m, IH), 4.25-4.05 (m, IH), 3.65 (s, 2H); 
Analysis Calcd. for C25HI8CI2F3N3O2 : 
C, .57.71; H, 3.49; N, 8.08; 
Found: C, 57.41; H. 3.48; N,8.12. 



(-)-2-[3,5-Bis(trifluoromethyl)phenyl]-N-f3R-2,3-dihydro-2-oxo-5- 
phenvl- 1 -f2.2.2-trifluoroethvn- 1 H-benzofell 1 ■41diazepin-3-vnacetamide 



EXAMPLE 1 15 




m.p. foam °C, [a]D - -9.7° (c=0.59.MeOH). 
Anal. Calcd. for C27H18F9N3O2 O.75 H20: 



C, 53.96; H, 3.27; N, 6.99. 
Found: C, 53.96; H, 3.1; N. 6.98%. 



EXAMPLE 116 



(-)-2-(4-Trifluoromethylphenyl)-N-[3R-2,3-dihydro-2-oxo-5- 
phenvl-1 -(2.2.2-trifluoroethyn-l H-benzolelf 1 .4ldia2epin-3-ynacetamide 
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m.p. 253-255 X, [a]D =-9.2'" (c=0.25. MeOH). 

Anal. Calcd. for C26H19F6N3O2 O.O5 ethyl etheK).55 H20: 

C, 59.03; H. 3.9; N. 7.88. 
Found: C, 59.05; H. 3.82; N, 7.78%. 

EXAMPLE 117 

2-(3-Trifluoromethylphenyl)-N-(3R-2.3-dihydro-2-oxo-5-phenyl- 
1 -(2.2.2-trifluoroethvl)- 1 H-benzofelf 1 .41diazepin-3-vllacetamide 




m.p. 172-173 °C, fajD = +5.9° (c=0.56, CHCI3). 
Anal. Calcd. for C26H 1 9F6N3O2 O.6O H20: 

C, 58.89; H, 3.84; N, 7.92. 
Found: C, 58.92; H, 3.7 1 ; N, 7.98%. 
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FX AMPLE 118 

(+)-2-(2-Trifluoromethylphenyl)-N-[3R-2,3-dihydro-2^oxo-5- 
phenvl-l-f2.2:2. trifluoroethvlVlH.K^n7nleiri.41dia2eDin-3.vnacetamide 




m.p. 170-171 X. lajD = +9.0" (c=0.48, CHC13). 
Anal. Calcd. for C26H19F6N3O2 O.25 H20: 

C. 59.6: H. 3.75; N, 8.02. 
Found: C, 59.64; H, 3.68; N. 7.97%. 

EXAMPLE 119 

(-)-2-(2,4-Dichloropheny])-N-f3R-2.3-dihydro-2-oxo-5-phenyl- 
1 -(2.2.2-trifluoroethvn- 1 H-benzolell 1 .41diazepin-3-vl lacetamide 




m.p. 143-145 °C. la]D = -22.6° (c=0.73; MeOH). 
Anal. Calcd. for C25H18N3O2CI2F3: 
C. 57.71; H.3.49; N, 8.08. 
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Found: C, 57.75; H, 3.52: N. 8.09%. 

EXAMPLE 120 

(-)-2-(3-Chlorophenyl)-N-r3R-2,3-dihydro-2-oxo-5-phenyl- 1 - 
(2.2.2-trifluoroethvn. I H-henzofelfl .41diaze pin-3-vnacetamiHe 




in.p. 188-189 'C, [olD = -5.4" (c=r.03.MeOH), 
Anal. Calcd. for C25H19CIF3N3O2 O.IO ethyl ether: 

C, 61.84; H, 4.09; N, 8.52. 
Found: C, 61 .84; H. 4.05; N, 8.5%. 

EXAMPLE 121 

(-)-2-(4-Chlorophenyl)-N-f3R-2,3-dihydro-2-oxo-5-phenyl- 
1 -(2.2.2.trifluoroethvn-l H-benzole II 1 .41diazepin-S-vl lacetamide 




m.p. 246-247 °C. |aJD =-10.1" (c=0.45,MeOH). 
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Anal. Calcd. for C25Hi9ClF3N3O2 0,20 H20 0.15 ethyl ether: 

C 61.42; H, 4.21; N, 8.39. 
Found: C, 61 .46; H, 4.1 5; N, 8.39%. 

Example 122 

(-)-2-[2,4-Bis(trifluoromethyl)phenyl]-N-[3R-2.3-dihydro-2-oxo-5- 
phenyl- 1 -(2.2.2'trifluoroethvn' 1 H-benzofelf 1 .41diazepin-3'-yllacetamide 




Step A, 2,4-Bis(trifluoromethyl)benzonitrile 

To a stirring biphasic mixture of lOOmL ethanol and 250 
mL of phosphate buffer (Ig of NaH2P04*H20 per 5 mL H2O adjusted 
to pH=7.0 with 50% NaOH) and NaCN (8K3mmol,4.0g) heated to 60°C 
was added 2,4-bis(trifluoromethyl) benzyl bromide (32.5mmol,10g) in 
50mL EtOH dropwise over 30min. The reaction was heated at 60°C 
for 24h, The reaction was then evaporated under reduced pressure. 
The remaining aqueous was extracted with 2xl50mL EtOAc, The 
organic layers were combined, dried with brine and Na2S04. The 
organic phase was evaporated under reduced pressure and the residue 
chromatographed over silica eluting with 10% EtOAciHexanes. The 
pure fractions were collected and evaporated to give 7.0g of a pale 
yellow oil, 85.1% NMR 'H (CDCI3) d 8.0-7.85 (m,3H), 4.03 (s,2H) 
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Step B. 2,4-Bis(trifIuoromethyl)phenyl acetic acid 

2,4-Bis(trifluoromethyl)benzonitriIe (41 .5mmol,10.51g) 
was taken up in lOOmL acetic acid, 50mL cone. H2SO4, and 20mL 
water. This was heated to 120°C for 3h. The reaction was then diluted 
with IL ice water, and extracted with 2x300mL ethyl acetate. TTie^ 
combined organics were washed with 2x200mL water, dried with brine 
and Na2S04, and evaporated under reduced pressure. The residue was 
taken up in a minimum of diethyl ether and crystallized by adding 
sufficient hexane to precipataie the product. The solid was collected to 
give 7.74g of 2,4-bi.s(trifluoromethyl) phenyl acetic acid as white 
cry.stal.s. 68.5%.NMR (CDCI3) d 7.93 (s,lH). 7.80 (d. J=7.9Hz,lH), 
7.55 (d, J=7.9Hz,lH), 3.94 (s,2H). 

3tPP C Preparation of (-)-2-r2,4-Bis(trifluoromethyl)phenyl]-N- 
|3R-2,3-dihydro-2-oxo-5-phenyl-l-(2,2.2-trifluoroethyl)- 
1 H-benzoIe][ 1 ,4]diazepin-3-yllacetamide 

To a .stirring .solution the 3R-3-Amino-2-oxo-5-phenyl-l - 
(2,2,2-trifluoroethyl)-2.3-dihydro-l H-benzo|e]| 1 ,4]diazepinc (28.4 
mmol, 9.47g) in DMF (lOOmL) was added 2,4- 
Bis(trifluoromethyl)phenyl acetic acid (28.4mmol,7.74g), 1.(3- 
Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride 
(42.6mmol,8.I6g) and 1 -Hydroxybenztriazole hydrate 
(14.2mmol,1.92g). This was .stirred for Ih at room temperature. The 
reaction was then diluted with 750mL of 10% KHSO4 and extracted 
with ethyl acetate (2x300mL). The organic layers were combined and 
washed with saturated sodium hydrogen carbonate (lx600mL). The 
organics were then dried with brine, and sodium sulfate and evaporated 
under reduced pressure. The residue was chromatographed over silica 
eluring with 20% EtOAc:Hexane. Pure fractions were collected and 
evaporated. The residue was taken up in 1 00 mL of warm 75% 
isopropanolrwater. This was allowed to cool slowly and stirred 
overnight (16 hr) at room temperature. The suspension was cooled 
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briefly to @5°C and filtered. The white solid was dried overnight at 
60X to give 10.5 g of material that melted at 132-134X. X-Ray 
diffraction confirms crystaliinity. 

NMR 1H(CDC13) d 7.95-7.25 (m, 1 3H), 5.60 (d>«.l Hz, IH), 5.30- 
5.10 (m,lH). 4.25-4.06 (m,lH), 3.96 (s,2H) 
Anal. Calcd. for C27H18F9N3O2: 

C, 55.20: H, 3.09: N, 7.15. 
Found: C, 55.03; H, 3.14; N, 7.10%. 



(±)-2-(3,5-Dichlorophenyl)-N-(2.3-dihydro-2-oxo-5-phenyl- 
I -(2.2.2-trifluoroethvn-l H-benzofeir 1 .41diazepin-3-vn acetamide 



EXAMPLE 123 




m.p. 219-220 °C. racemic 

Anal. Calcd. for C25HI8N3O2CI2F3: 



C, .57.71; H, 3.49: N. 8.08. 
Found: C. 57.94; H. 3.48; N, 8.02%. 



EXAMPLE 124 



2-(3,5-dichloro-4-methoxyphenyl)-N-[3R-2.3-dihydro-2-oxo-5- 
phenvl-l-(2.2.2-trifluoroethvn-lH-benzofel[L4ldiazepin-3-vl1acetamide 



WO97/49C90 



PCT/US97/10561 



156- 




OCH, 



m.p. 100-104 X. [alD = -8.9° (c=0.55,MeOH). 
Anal. Calcd. forC26H20Cl2F3N3O3: 

C, 56.74; H, 3.66; N, 7.63. 
Found: C, 55.67; H, 3.47; N, 7.4 1 %. 

The following examples were prepared by procedures 
substantially as de.scribed in example 1 except .substituting the 
appropriate fluoro substituted aminobenzophenone in step A. 

EXAMPLE 125 

(+)-2-(3,5-Dichlorophenyl)-N-f2,3-dihydro-5-(4-fluorophenyl)-2- 
0X0-1 -(2.2.2-trifluQroefhv!> -| H-benzolell 1 ■41diazepin3-vllacetamide 




m.p. foam "C, \ol]d = +.3.4° (c=0.55: MeOH). 
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Anal. Calcd. for C25H 1 7N3O2CI2F4: 

C,55.78; H. 3.18; N, 7.81. 
Found: C, 55.73; H. 3.25; N, 7.72%. 

PXAMPLE 126 

(-)-2-(2,4-Dich!orophenyl)-N-(2.3-dihydro-5-(4-fluorophenyl)-2- 
oxo-l-f2.2.2-tri fluoroethvn-IH-henznfe1fl.4ldiazeDin-3-vnacetamide 




F 



m.p.foam°C,[a]D = -ll° (c=0.68: MeOH). 
Anal. Calcd. for C25H17N3O2F4: 

C, 55.78; H. 3.18; N,7.81. 
Found: C, 55.82; H, 3.41; N, 7.42%. 

EXAMPLE 127 



(+)-2-(3.5-Bi.s(trifluor6methyl)phenyl)-N-(2,3-dihydro-5-(4- 
fluorophenyl)-2-oxo- 1 -C2,2,2-trifluoroethyl)- 1 H-benzo|el 
1 1 .4idiazepin-3-vll-acetamide 
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F 



m.p. foam °C. (ajD = +2.8° (c=0.67; MeOH). 
Anal. Calcd. for C27H17N3O2F10: 

C, 53.56; H, 2.83; N, 6.94. 
Found: C, 53.56; H, 2.93; N, 6.91%. 

EXAMPf.F l?R 

(-)-2-[2,4-Bi.s(trifluoromethyl)phenyl]-N.|2,3-dihydro--5-(4- 
fluorophenyl)- 

?-OXol -(2,2.2-trifluoroethvn-l H-benzofell 1 4|diazepin-3-v1 h rf>tym,H^ 




F 



fajD = -14" (c=0.63; MeOH). 



wo 97/49690 



PCT/US97/10561 



- 159- 



Anal. Calcd. for C27H17N3O2F1O: 

C. 53.56; H, 2.83; N. 6.94. 
Found: C, 53.3; H, 2.89; N. 7.0.5%. 



EXAMPLE 129 



3-Cyclohexy]-N-f2,3-dihydro-5-(2-fluorophenyl)-2-oxo- 1 - 
(2.2.2-trifluoroethvl-lH-benzolellL41diazepin-3-vnpropionamide 



m.p. 202-204 °C. 

iHNMR d (CDC13) 7.72 (m,8H), 5.65 (dJ=R.3Hz.lH). 5.35-5.08 
(m.lH), 4.32-4.15 (m.lH), 2.37 (t..l=7.8Hz.2H), 1.80-1.55 (m,7H). 
1.45-Anal. Calcd. for C26H27F4N3O2: 
C, 63.8; H, 5.56; N, 8.58. 
Found: C. 63.82; H, 5.54; N. 8.56%. 




EXAMPLE 130 



3,4-Dichloro-N-[2,3-dihydro-5-(2-fluorophenyl)-2-oxo-l- 
(2.2.2-trifluoroethvlVl H-benzofell 1.4]diazepin-3-vllbenzamide 
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m. p. 168-170 °C. 

iHNMR d (CDC13) 8.03 (dJ=2.0JH), 7.86 (d,J=7.8Hz.lH), 7.78-7.05 
(m,9H), 5.80 (d.J=7.8H2,lH), 5.27-5.15 (m,lH), 4.35-4.20 (m.lH) 
Anal. Calcd. for C24H15CI2F4N3O2: 

C. 54.98; H, 2.88; N, 8.01. 
Found: C, 54.96; H, 2.89; N, 8. 1 2%. 
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WHAT IS CLAIMED IS: 

1. A method of treating Meniere's disease in mammals, 
including humans, comprising modulation of the slowly activating 
delayed rectifier potassium (K+) current (iKs)- 

2. The method of Claim 1 wherein the slowly activating 
delayed rectifier potassium (K+) current (iKs) in isolated myocytes is 
blocked by a compound at a concentration of IpM or less (IC50) and 
the concentration that blocks iKs by 50% is at least 10 fold lower than 
the concentration required to cause 50% block of iKr and/or iKl . 

3. The method of Claim 1 wherein the blockade is induced 
through the use of a 1 ,4-benzidiazepine or benzidiazepine derivative. 

4. The method of Claim 3, wherein the benzodiazepine or 
benzodiazepine derivatives block the slowly activating delayed rectifier 
potassium (K+) current (iKs)- 

5. The method of Claim 4, wherein the 1 ,4- 
benzodiazepines or benzodiazepine derivatives are selective iKs 
antagonists consisting 

of those compounds which block the IKs current measured in isolated 
myocytes by 50% at a concentration of luM or less and exhibit a 
selectivity ratio of greater than 10 over blockade of lKr» IKI and ICa- 

6. The method of Claim 5 wherein the selective Ij^jj 
antagonist is a compound of structural formula: 
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individual diastereomers. enantiomers and mixtures thereof, 
or a pharmaceutically acceptable salt thereof, wherein 



1 ) thieno, 

2) pyrido, or 

3) benzo either unsubstituted or substituted with -NH2, 
-NHS02(Ci -3 alkyi), Ci-3 alkyl or Ci .3 alkoxy; 



1) =0. 

2) =S, 

3) = N-NH2, 

4) = N-OH or 

5) = H2; 



1) =0, 

2) = N-CN or 

3) =H2: 



PCTAJS97/10561 



- 163- 



Zis 



1) Ci.6 alkylene, either straight or branch chain and either 
unsubstituted or substituted with phenyl or spiropiperidine, 

2) C2-4 alkenylene, either straight or branch chain, 

3) -(CH2)m-W-(CH2)n- wherein m and n are independently 0, 
L 2, 3 or 4 and W is -S- or -NH, 

4) 4-(5-niethyiisoxazole-3-yl), 

5) C3.6 cycloalkylene, or 

6) single bond; 



1) phenyl, either unsubstituted or substituted with one or two 
substituenis selected from 

a) -NO2, 

b) -CI, Br, F, or I, 

c) -CF3, 

d) -Cl.3alkyl 

e) -C1.3 alkoxy, 

f) -CN, 

g) -methylenedioxy, 

2) C5-7 cycloalkyl. 



4) mono- or bicyclic heterocyciyl of 5 to 10 members one or 
two of which are sulfur, nitrogen or oxygen, the remaining 
being carbon, such as 2-thienyl, 2-furanyl, 2-indolyl, 2- 
quinoxolinyl, or 2-(2,3-dihydro benzofuranyl) 

5) methyl, or 

6) indan-5-yl: 



p is 0 or 1 ; 



Rlis 



3) 
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R2is 

1) 

2) 



.3) 
4) 
5) 
6) 



R3 is 

I) 

■ 2) 

3) 

R4 is 

1) 
2) 



phenyl, either unsubstituted or substituted with Cl-3 alkoxy 
or 4,4-dimethyloxazolin-2-yl, 

Cm alkyl, either straight or branched chain and either 
unsubstituted or substituted with C1.3 alkoxy or 
Ci-3 alkoxy-Cl-3 alkoxy, 
C5-7 cycloalkyi, 
2- or 3-furyl, 
l-methylpiperidin-2-yl, or 

if R2 is phenyl, the 2-position of the phenyl can be joined to 
the 4^position nitrogen of the diazepine ring through a 
carbonyl group and the double bond between the 4-nitrogen 
and the 5-carbon becomes a single bond; 



hydrogen or 

Cj-6 alkyl, either straight or branched chain and either 
unsubstimted or substituted with -N(CH3)2, -OH, -CF3, or 
-CF3; 



hydrogen, 

Cl-6 alkyl, the chain of carbon atoms of which can be 
interrupted by one or two non-adjacent oxygen atoms and 
which is either unsubstituted or substituted with Cj .3 
alkoxycarbonyl, -OH or 




3) tetrazol-5-yl; and 



R-^ is hydrogen or oxygen or is joined to r2 to form the partial 
structure: 
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and the bond represented by zzzz i*^- 

1 ) a double bond when p is zero or when p is 1 and r5 is 
oxygen, or 

2) a single bond when R-^ is hydrogen or R5 is joined to R2 to 
form the partial structure: 




7. The selective Ij^^ compound of Claim 6 wherein 

A is benzo either unsubstituted or substituted with -NH2, 
-NHS02(Ci.3 alky I), C1.3 alky I or C1.3 alkoxy; 

X and Y are O, 

Zis 

1) C] -6 alkylene, either straight or branch chain and either 
unsubstituted or substituted with phenyl or spiropiperidine, 

2) C2-4 alkenylene, either straight or branch chain, 

3) -(CH2)m-W-(CH2)n- wherein m and n are independently 0, 
1, 2, 3 or 4 and W is -0-. -S- or -NH, 

4) 4-(5-methyIisoxazole-3-yl), 

5) C3-6 cycloalkylene, or 

6) single bond; 
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Rlis 

1 ) phenyl, either unsubstituted or substituted with one or two 
substituents selected frono 

a) -N02, 

b) -CI, Br, F, or 1, 

c) -CF3, 

d) -Cl.3alkyl, 

e) -Ci.3alkoxy, 

f) -CN. 

g) -methylenedioxy, 

2) C5.7 cycloalkyi. 



3) 




N-COgt-Bu, 



4) mono- or bicyclic heterocyclyl of 5 to 10 members one or 
two of which are sulfur, nitrogen or oxygen, the remaining 
being carbon, such as 2-thienyl. 2-furanyL 2-indolyl, 2- 
quinoxolinyl. or 2-(23-dihydro benzofuranyl) 

5) methyl, or 

6) indan-5-yl; 

R2is 

1 ) phenyl, either unsubstituted or substihited with Ci .3 alkoxy 
or 4,4-dimethyloxazolin-2-yl, 

2) Cl .4 alky I, either straight or branched chain and either 
unsubstituted or substituted with C 1 .3 alkoxy or 
C1.3 alkoxy-Ci.3 alkoxy. 

3) C5.7 cycloalkyi. 

4) 2- or 3-furyl, 

5) l-methylpiperidin-2-yl, or 

6) if r2 is phenyl, the 2-position of the phenyl can be joined to 
the 4-position nitrogen of the diazepine ring through a 
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R3 is 

1) 

2) 
3) 

r4 is 

1) 
2) 



carbonyl group and the double bond between the 4-nitrogen 
and the 5-carbon becomes a single bond; 

hydrogen or 

Cl.6 alky I, either straight or branched chain and either 
unsubstituted or substituted with -N(CH3)2, -OH, -CF3, or 



hydrogen, 

Cl.6 alkvK the chain of carbon atoms of which can be 
interrupted by one or two non-adjacent oxygen atoms and 
which is either unsubstituted or substituted with C1.3 



alkoxycarbonyl, -OH or 




tetrazol-5-yl; and 



is hydrogen or oxygen or is joined to R2 to form the partial 
structure: 




and the bond represented by is: 

1 ) a double bond when p is zero or when p is 1 and is 
oxygen, or 

2) a single bond when R-^ is hydrogen or R-^ is joined to r2 to 
form the partial structure: 
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including individual diastereomers, enantiomers and mixtures thereof, 
or a pharmaceutical ly acceptable salt. 

8. The selective Ij^jj compound oif Claim 7 wherein 

A is benzo either unsubstituted or substituted v^ith -NH2 
-NHS02(Ci.3 alkyi), Ci-3 alkyi or Cj .3 alkoxy; 

X and Y are O, 

Zis 

1 ) Cl -6 alkylane, either straight or branch chain and either 
unsubstituted or substituted with phenyl or .spiropiperidine, 

2) C2-4 alkenylene, either straight or branch chain, 

3) -(CH2)nn-W-(CH2)n- wherein m and n are independently 0, 
1. 2. 3 or 4 and W is -0-. -S- or -NH, 

4) 4-(5-methylisoxazole-3-yl), 

5) C3.6 cycloalkylene, or 

6) single bond; 



R' is phenyl, either unsubstituted or substituted with one or two 
substituents selected from 

a) -NO2. 

b) -Cl, Br, F, or 1, 

c) -CF3, 

d) -Cl -3 alkyi, 

e) -C 1-3 alkoxy, 

f) -CN, 

g) -methylenedioxy. 
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R2 is phenyl, either unsubstituted or substituted with C1.3 alkoxy or 

4,4-dimethyIoxazolin-2.yl, 
r3 is -CF3 or C 1-6 alkyl, either straight or branched chain and either 

unsubstituted or substituted with -N(CH3)2» -OH, -CF3; 

r4 and R5 are hydrogen; 

including individual diastereomers, enantiomers and mixtures thereof, 
or a pharmaceutical ly acceptable salt. 

9. The selective Ij^j^ compound of Claim 8 wherein 
A is unsubstituted benzo; 

R1 is phenyl, either unsubstituted or substituted with one or two 
substituents selected from 

a) -NO2, 

b) -CI Br, R or h 

c) -CF3, 

d) -C 1-3 alky 1, 

e) -01-3 alkoxy, 

f) -CN, 

g) -methyienedioxy, 

r2 is phenyl, either unsubstituted or substituted with Cl-3 alkoxy or 
4,4-dimethyloxazolin-2-yl, 

r3 is -CF3 or C 1.6 alkyl, either straight or branched chain and either 
unsubstituted or substituted with -N(CH3)2, -OH, -CF3; 

R4 and R5 are hydrogen; 

including individual diastereomers, enantiomers and mixtures thereof, 
or a pharmaceutical ly acceptable salt. 
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lo. The .selective 1^^ compound of Claim 9 which is (-)-2- 

[2,4-Bi.s(trifIuoromethyl)phenyl]-N-I3R-2,3-dihydro-2-oxo-5-phenyl-l- 
(2,2;2-trifluoroethyl)-l H-benzo[el[ 1 ,4]diazepin-3-yI]acetamide 




1 1 . The selective 1^^; compound of Claim 9 which is 3,4- 

DichJoro-N-I2,3-dihydro-5-(2-fluorophenyi)-2-oxo-I-(2,2,2-trifluoro- 
ethyl)-lH-benzo|e]( 1 .4]diazepin-3-y]]benzamide 




12. The selective I^ j; compound of Claim 9 which is 
(-)-2-(2,4-Dichlorophenyl)-N-f3R-2.3-dihydro-2-oxo-.5-phenyl-|. 
(2,2,2-trifluoroethyl)-iH-benzofe)fl,4]diazepin-3-yllacetamide 
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13. A pharmaceutical formulation comprising a 
pharmaceutically acceptable carrier and a therdpeutically effective 
amounf of a beta-adrenergic receptor blocking agent and a selective Ij^^ 

antagonist. 

14. The selective Ij^j^ antagonist of Claim 13 which is a 
compound of structural formula: 




I 



individual diastereomers, enantiomers and mixtures thereof, 
or a pharmaceutically acceptable salt thereof, wherein 

A is 

1 ) thieno, 

2) pyrido, or 

3) benzo either unsubstituted or substituted with -NH2, 
-NHS02(Cl.3 alkyl), C1.3 alky! or C1.3 alkoxy; 
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Xis 

1) =0. 

2) = S, 

3) = N-NH2, 

4) =N-OHor 

5) =H2; 

Yis 

I) =0. 
. 2) = N-CN or 
3) =H2; 

Zis 

1 ) Cl.6 alkylene. either straight or branch chain and either 
unsubstituted or substituted with phenyl or spiropiperidine, 

2) C2-4 alkenylene, either straight or branch chain, 

3) -(CH2)m-W-(CH2)n- wherein m and n are independently 0, 
1, 2, 3 or 4 and W is -0-. -S- or -NH, 

4) 4-(5-methylisoxazole-3-yl), 
C3-6 cycloalkylene, or 

6) single bond; 



p is 0 or 1 ; 



Rl is 

1 ) phenyl, either unsubstituted or substituted with one or two 
substituents selected from 

a) -N02, 

b) -CI. Br, F. or I, 

c) -CF3, 

d) -C|-3alkyl, 

e) -Ci.3alkoxy, 

f) -CN. 
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g) -methylenedioxy, 
2) C5-7 cycloalkyl, 

— ^N- COgt-Bu, 

4) mono- or bicyclic heterocyclyl of 5 to 10 members one or 
two of which are sulfur, nitrogen or oxygen, the remaining 
being carbon, such as 2-thienyK 2-furanyI, 2-indolyl, 2- 
quinoxolinyl, or 2-(2,3-dihydro benzofuranyl) 

5) methyK or 

6) indan-5-yl; 

R2is 

1 ) phenyl, either unsubstituted or substituted with Ci -3 alkoxy 
or 4,4-dimethyloxazoiin-2-yl, 

2) Ci^ alkyl, either straight or branched chain and either 
unsubstituted or substituted with Ci-3 alkoxy or 

Ci-3 alkoxy-Cl-3 alkoxy, 

3) C5.7 cycloalkyl, 

4) 2- or 3-furyl, 

5) l-methylpiperidin-2-yl, or 

6) if r2 is phenyl, the 2-posilion of the phenyl can be joined to 
the 4-position nitrogen of the diazepine ring through a 
carbonyl group and the double bond between the 4-nitrogen 
and the 5-carbon becomes a single bond; 

R3 is 

1 ) hydrogen or 

2) Ci-6 alkyl. either straight or branched chain and either 
unsubstituted or substituted with -NfCH3)2, -OH, -CF3, or 

3) .CF3; 

R4is 

1) hydrogen. 
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2) Ci-6 alkyl, the chain of carbon atoms of which can be 
interrupted by one or two non-adjacent oxygen atoms and 
which is either unsubstituted or substituted with C1.3 
alkoxycarbonyK -OH or 

-OH^^^NOg^or 

3) tetrazol-5-yl; and 

R5 is hydrogen or oxygen or is jomed lo R2 to form the partial 
structure: 




the bond represented by zizi is: 

1) a double bond when p is zero or when p is I and r5 is 
oxygen, or 

2) a single bond when is hydrogen or R-'^ joined to R2 to 
form the partial structure: 




15. The selective I^j, compound of Claim 14 wherein 

A is benzo either unsubstituted or substituted with -NH2 -NHSO2 
(C1.3 alkyl), Cl-3 alkyl or C 1.3 alkoxy; 



X and Y are O, 
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Zis 

1) 

2) 
3) 

4) 
5) 
6) 

1) 



2) 
3) 



4) 



5) 
6) 



Ci-S alkylene, either straight or branch chain and either 
unsubstituted or substituted with phenyl or spiropiperidine, 
C2-4 alkenylene. either straight or branch chain, 
-(CH2)m-W-{CH2)n- wherein m and n are independently 0, 
1 , 2, 3 or 4 and W is -0-. -S- or -NH, 
4-(5-niethylisoxazoie-3-yl). 
C3-6 cycloalkylene, or 
single bond; 



phenyl, either unsubstinjted or substituted with one or two 
substituents selected from 

a) -NO2, 

b) -CI, Br, F, or 1, 

c) -CF3, 

d) -C 1-3 alky I, 

e) -Ci.3alkoxy, 
0 -CN, 

g) -methylenedioxy, 
C5-7 cycloalkyl. 



mono- or bicyclic heterocyclyl of 5 to 10 members one or 
two of which are sulfur, nitrogen or oxygen, the remaining 
being carbon, such as 2-thienyl, 2-furanyl. 2-indolyl, 2- 
quinoxolinyL or 2-(2,3-dihydro benzofuranyl) 
methyl, or 
indan-5-yl; 
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R2is 

1) 

2) 



3) 
4) 
5) 
6) 



R3 is 

1) 
2) 

3) 

R4 is 

1) 
2) 



3) 



phenyl, either unsubstituied or substituted with Cl .3 aikoxy 
or 4,4-dimethyloxazolin-2-yl, 

C1.4 alky], either straight or branched chain and either 
unsubstituted or substituted with Ci-3 aikoxy or 
C1.3 alkoxy-Ci.3 aikoxy, 
C5-7 cycloalkyi, 
2- or 3-furyl, 
l-methylpiperidin-2-yK or 

if R2 is phenyl, the 2-position of the phenyl can be joined to 
the 4-position nitrogen of the diazepine ring through a 
carbonyl group and the double bond between the 4-nitrogen 
and the 5-carbon becomes a single bond; 



hydrogen or 

Cl-6 alky I, either straight or branched chain and either 
unsubstituted or substituted with -N(CHl)2, -OH, -CF3, or 
-CF3; 



hydrogen, 

Cl-6 alkyi, the chain of carbon atoms of which can be 
interrupted by one or two non-adjacent oxygen atoms and 
which is either unsubstituted or substituted with Ci-3 
aikoxy carbonyl, -OH or 




R5 is hydrogen or oxygen or is joined to R2 to form the partial 
structure: 
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and the bond represented by z^zz 'S- 

1 ) a double bond when p is zero or when p is 1 and R5 is 
oxygen, or 

2) a single bond when is hydrogen or R-^ is joined to r2 to 
form the partial structure: 




including individual diastereomers, enantiomers and mixtures thereof, 
or a pharmaceutically acceptable salt. 

16. The selective compound of Claim 15 wherein 
A is benzo either unsubstituted or substituted with -NH2, -NHS02(Cl-3 
alkyl), Ci-3 alky! or C1.3 alkoxy; 

X and Y are O. 



1) C1.6 alkylane, either straight or branch chain and either 
unsubstituted or substituted with phenyl or spiropiperidine, 

2) C2-4 alkenylene, either straight or branch chain, 

3) -(CH2)m-W-(CH2)n- wherein m and n are independently 0. 
1, 2, 3 or 4 and W is -S- or -NH, 

4) 4-(5-methylisoxazole-3-yl), 

5) C3-6 cycloalkylene, or 

6) single bond; 



wo 97/49690 



PCT/US97/10561 



- 178- 



is phenyl, either unsubstituted or substituted with one or two 
substituents selected from 

a) -N02. 

b) -CI, Br, F, or I, 
0 -CF3, 

d) -Ci-3alkyl. 

e) -Cl.3alkoxy, 

f) -CN, 

g) -methylenedioxy, 

R2 is phenyl, either unsubstituted or substituted with Ci-3 alkoxy or 
4,4-dimethyloxazoIin-2-yl, 

r3 is -CF3 or Cl -6 alky I, either straight or branched chain and either 
unsubstituted or substituted with -N(CH3)2. -OH. -CF3; 

R4 and r5 are hydrogen; 

including individual diastereomers, enantiomers and mixtures thereof, 
or a pharmaceutical ly acceptable salt. 

17. The selective I^jj compound of Claim 16 wherein 
A is unsubstimted benzo; 

R ' is phenyl, either unsubstituted or .substituted with one or two 
substituents selected from 

a) -NO2. 

b) -Cl, Br, F, or I, 
0 -CF3. 

d) -C|-3alkyl, 

e) -C 1-3 alkoxy, 

f) -CN, 
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g) -methylenedioxy, 

r2 is phenyl, either unsubstituted or substituted with C 1-3 alkoxy or 
4,4-dimethyloxazolin-2-yl, 

r3 is -CF3 or 01-6 alky), either straight or branched chain and either 
unsubstituted or substituted with •N(CH3)2. -OH, -CF3; 

r4 and R5 are hydrogen; 

including individual diastereomers, enantiomers and mixtures thereof, 
or a pharmaceutical ly acceptable salt. 

18. The selective Ij^^; compound of Claim 14 which is 
(-)-2-[2,4-Bis(trifluoromethyl)phenyl|-N-(3R-2,3.dihydro-2-oxo-5- 
phenyM -(2,2,2-trifluoroethy 1)-I H-benzolejl 1 ,4jdiazepin-3-yl Jacetamide 




19. The selective Ij^j^ compound of Claim 14 which 

is 3,4-Dichloro-N-f2,3-dihydro-5-(2-fIuorophenyl)-2-oxo-l-C2,2,2- 
trifluoroethyl)-l H-benzo[e][ 1 ,41diazepin-3-yl]benzamide 
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20. The selective Ij^j. compound of Claim 14 which is 
(-)-2-(2,4-DichlorophenyI)-N-f3R-2,3-dihydro-2-oxo-5-phenyl-l- 
(2^,2-trif]uoroethyl)-l H-benzofe][l ,4]diazepin-3-yl]acetamide 




21. A method of preventing Meniere's disease which 
comprises the administration to a patient in need of .such treatment of an 
' effective amount of a selective Ij^jj antagoni.st. 



22. The method of Claim 21 wherein the selective Ij^ 
antagonist is a compound of .structural formula: 
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individual diastereomers, enantiomers and mixtures thereof, 
or a pharmaceutically acceptable salt thereof, wherein 



1 ) thieno, 

2) pyrido, or 

3) benzo either unsubstituted or substituted with -NH2, 
-NHS02(Cl-3 alkyl). Cl-3 alky I or Ci -3 alkoxy; 



1) =0, 

2) = S, 

3) =N-NH2, 

4) = N-OH or 

5) =H2; 



1) =0, 

2) = N-CN or 

3) =H2; 
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Cl.6 alkylene, either straight or branch chain and either 
unsubstituted or substituted with phenyl or spiropiperidine, 
C2-4 alkenylene, either straight or branch chain, 
-(CH2)m-W-(CH2)n- wherein m and n are independently 0, 
1 , 2, 3 or 4 and W is -0-, -S- or -NH, 
4-(5-methylisoxazole-3-yl), 
C3.6 cycloalkylene, or 
single bond; 

p is 0 or 1 ; 
R' is 

1 ) phenyl, either unsubstituted or substituted with one or two 
substituents selected from 

a) -NO2, 

b) - -CI, Br, F, or 1. 

c) -CF3, 

d) -Cj-3alkyK 

e) -Ci-3 alkoxy, 

f) -CN, 

g) -methylenedioxy, 

2) C5-7 cycloalkyl. 




4) mono- or bicyclic heterocyclyi of 5 to 10 members one or 
two of which are sulfur, nitrogen or oxvcen, the remaining 
being carbon, such as 2-thienyI, 2-furanyl, 2-indolyl, 2- 
quinoxolinyi, or 2-(2,3-dihydro benzofuranyl) 

5) methyl, or 

6) indan-5-yl; 



Z.is 

1) 

2) 
3) 

4) 
5) 

6) 
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R2is 



3) 
4) 
5) 
6) 



r3 is 

1) 
2) 

3) 

R4 is 

1) 
2) 



3) 



phenyl, either unsubstituted or substituted with C1.3 alkoxy 
or 4,4-dimethyloxa2olin-2-yl, 

Cm alkyl, either straight or branched chain and either 
unsubstituted or substituted with Cl-3 alkoxy or 
C1.3 alkoxy-Ci-3 alkoxy, 
C5-7 cycloalkyi, 
2- or 3-furyl. 
l-methylpiperidin-2-yK or 

if r2 is phenyl, the 2-position of the phenyl can be joined to 
the 4-position nitrogen of the diazepine ring through a 
carbonyl group and the double bond between the 4-nitrogeh 
and the 5-carbon becomes a single bond; 



hydrogen or 

Ci-6 alkyl, either straight or branched chain and either 
unsubstituted or substituted with -N(CH3)2, -OH, -CF3, or 



hydrogen, 

C1.6 alkyl, the chain of carbon atoms of which can be 
interrupted by one or two non-adjacent oxygen atoms and 
which is either unsubstituted or substituted with Ci-3 
alkoxycarbonyL -OH or 




R5 is hydrogen or oxygen or is joined to R2 to form the partial 
structure: 
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O 



and the bond represented by zzzi is: 

1 ) a double bond when p is zero or when p is I and is 
oxygen, or 

2) a single bond when R5 is hydrogen or R5 is joined to R2 to 
form the partial structure: 



A is benzo either unsubstituted or substituted with -NH2, -NHS02(Ci-3 
alkyi), C1.3 alkyl or C1.3 alkoxy; 

XandYareO; 



1 ) C] -6 alkylene, either straight or branch chain and either 
unsubstituted or substituted with phenyl or spiropiperidine, 

2) C2-4 alkenylene, either straight or branch chain, 

3) -(CH2)m-W-(CH2)n- wherein m and n are independently 0, 
1 , 2, 3 or 4 and W is -0-, -S- or -NH, 

4) 4-(5-niethylisoxazole-3-yl), 

5) C3-6 cycloalkylene, or 

6) single bond; 




23. The selective l^^ compound of Claim 22 wherein 



Zis 



wo 97/49690 



FCT/US97/10561 



- 185 - 



2) 
3) 



4) 



5) 
6) 

R2is 

1) 

2) 



3) 
4) 
5) 
6) 



phenyl, either unsubstituted or substituted with one or two 
substituents selected from 

a) .N02. 

b) -CI. Br, F, or I, 

c) -CF3, 

d) -Ci.3alkyl, 

e) -Ci-S alkoxy, 

f) -CN, 

g) -methylenedioxy, 
C5-7 cycloalkyl. 



mono- or bicyclic heterocyclyl of 5 to 10 members one or 
two of which are sulfur, nitrogen or oxygen, the remaining 
being carbon, such as 2-thienyl, 2-furanyI, 2-indolyl, 2- 
quinoxolinyl, or 2-(2,3-dihydro benzofuranyl) 
methyl, or 
indan-5-yl; 

phenyl, either unsubstituted or substituted with C] -3 alkoxy 
or 4,4-dimethy]oxazolin-2-yl, 

C1.4 alkyl, either straight or branched chain and either 
unsubstituted or substituted with Ci-3 alkoxy or 
C1.3 alkoxy-Ci.3 alkoxy, 
C5-7 cycloalkyl, 
2- or 3-furyl, 
l-methylpiperidin-2-yl, or 

if r2 is phenyl, the 2-position of the phenyl can be joined to 
the 4-position nitrogen of the diazepine ring through a 
carbonyl group and the double bond between the 4-nitrogen 
and the 5-carbon becomes a single bond: 
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r3 is 

1) 

2) 
3) 

r4 is 

I) 

2) 



3) 

R5 is hydrogen or oxygen or is joined to R2 to form the partial 
structure: 




hydrogen or 

Cl.6 alkyl, either straight or branched chain and either 
unsubstituted or substituted with -N(CH3)2, -OH, -CF3, or 
-CF3; 

hydrogen, 

Ci-6 alkyl, the chain of carbon atoms of which can be 
interrupted by one or two non-adjacent oxygen atoms and 
which is either unsubstituted or substituted with Cl -3 
alkoxycarbonyK -OH or 

— O— ^^^NOs.or 
tetrazoU5-yl; and 



the bond represented by zzzi, is: 

1 ) a double bond when p is zero or when p is 1 and R5 is 
oxygen, or 

2) a single bond when is hydrogen or R^'^ is joined to R2 to 
form the partial structure: 
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including individual diastereomers, enantiomers and mixtures thereof, 
or a pharmaceutical ly acceptable salt. 

24. The selective Ij^j^ compound of Claim 23 wherein 

A is benzo either unsubstituted or substituted with -NH2, -NHS02 
(CiO alkyi), C] .3 alkyl or Cj -3 alkoxy; 

X and Y are O, 

Zis 

1) Ci-6 alkylane, either straight or branch chain and either 
unsubstituted or substituted with phenyl or spiropiperidine, 

2) C2A alkenylene, either straight or branch chain, 

3) -(CH2)m-W-(CH2)n^ wherein m and n are independently 0, 
1, 2, 3 or 4 and W is -0-, -S- or -NH, 

4) 4-(5-methylisoxa2ole-3-yl), 

5) C3-6 cycloalkylene, or 

6) single bond; 

r1 is phenyl, either unsubstituted or substituted with one or two 
substituents selected from 

a) -NO2. 

b) -CI, Br, F, or I, 

c) -CF3, 

d) -Ci.3alkyl, 

e) -C 1-3 alkoxy, 

f) -CN, 

g) -methylenedioxy, 
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R2 is phenyl, either unsubstituted or substituted with Ci-3 alkoxy 
or 4,4-dimethyloxazoIin-2-yl, 

R3 is -CF3 or Ci -6 alkyl, either straight or branched chain and either 
unsubstituted or substituted witti -N(CH3)2, -OH, -CF3: 

R4 and R5 are hydrogen; 

including individual diastereomers. enantiomers and mixtures thereof, 
or a pharmaceuticaliy acceptable salt. 

25. The selective iKscompound of Claim 24 wherein 
A is unsubstituted benzo; 

R1 is phenyl, either unsubstituted or substituted with one or two 
substituents selected from 

a) -NO2, 

b) -CI. Br, F. or I, 

c) -CF3, 

d) -C|. 3 alkyl. 

e) -C I -3 alkoxy, 

f) -CN. 

g) -methylenedioxy. 

R2 is phenyl, either unsubstituted or substituted with Ci-3 alkoxy 
or 4,4-dimethyloxa2oIin-2-yl, 

R3 is -CF3 or C 1-6 alkyl, either straight or branched chain and 

either unsubstituted or substituted with -N(CH3)2, -OH, -CF3; 

R4 and R 5 are hvdrocen: 

including individual diastereomers. enantiomers and mixtures thereof, 
or a pharmaceuticaliy acceptable salt. 
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26. The selective Ij^^ compound of Claim 25 which is 
(-)-2-[2,4-Bis(trifluoromethyl)phenyl]-N-[3R-2,3-dihydro-2-oxo-5- 
phenyl-I -(2,2,2-trifluoroethyl)-l H-ben2o[e][ 1 ,4]diazepin-3-yllacetamide 




27. The selective Ij^^ compound of Claim 26 which 
is 3,4-Dichloro-N-[2,3-dihydro-5-(2-fluorophenyl)-2-oxo- 1 -(2,2,2- 
trifluoroethyl)-lH-benzo[el(l,4]diazepin-3-ylIbenzamide 




28. The selective Ij^j; compound of Claim 27 which is 
(-)-2-(2,4-Dichlorophenyl)-N-r3R-2,3-dihydro-2-oxt»-5-phenyl-l- 
(2,2,2-trifluoroethyl)- 1 H-benzo[e][ 1 ,4]diazepin-3-yl jacetamide 
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29. A composition useful in the treatment of Meniere's 
disease in mammals comprising a pharmaceutical compound and a 
suitable pharmaceutical carrier wherein the compound provides 
selective block of the slowly activating delayed rectifier potassium (K+) 
current (iKs). 
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